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‘The purpose of this paper is to » by methods, 


values of safe working stresses for the several types of reinforced concrete 
‘ columns,’ and to indicate those excessive and, ‘therefore, unsafe stresses per- 


mitted by the 1917 and 1921 ‘Specifications suggested by the J oint Cities 


Concrete Reinforced Oonerete,t respectively, particularly the excessive and. 


stresses by 1931 for spirally reinforced 


L the effect non- of concrete on ‘its various 
t 


constants of stress and analyzed. An analysis based on the tes 

data and observations of all appropriate | columns tested in the United States, 

_ in which the effect of the variation of the ultimate strength 1 of the concrete . a 

is mathematically eliminated, leads to equations “expressing the ultimate 

; strength of the several types of reinforced concrete , columns in terms of all the m 
column variables. The analysis gives a clear insight into and establishes the — 

; functioning of the several column components and the strength to be expected — a 
from them per ‘se. One important result attained is the knowledge of the | 


uniformity of strength developed by longitudinal reinforcing rods per 


In Section IT, the mathematical equations for the spirally reinforced — 


conerete column are developed. the substitution of known values for 


variables of these equations, simultaneous v alues of longitudinal column core 
stress and spiral stress are obtained, that check observation values within 


experimental measure, thus verifying the equations. — It can be shown by these 
* die —The ultimate strength « of spirally reinforced ¢ eon 
_ of the yield- -point strength and the ultimate strength (tensile) of 


7 


_ Notp.—These papers are issued before the date set for presentation and discussion 
“Correspondence is invited and may be sent by mail to the Secretary. Discussion on this paper 3 
Will be closed in June, 1923, and when a closed, the paper, with discussion in full, will 


i Transactions, Am. Soe. C. E., ‘Vol. “LXXXI (1917), set diy 


_ + Proceedings, Am. Soc. C. E., August, 1921, p. 59 


§ The Specifications submitted by the Joint on Concrete and Reinforced 
Concrete and on Standard Specifications for Concrete and Reinforced Concrete will be referred 
in this paper as the “1917 and the ‘ “1921 Specifications,” respectively. 
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—The concrete. column « maximum strength 
_ A and fails when the spiral is stressed at most to the yield point. 
The failure of the spiral i in tension by : further i increase in column 

compression strain is a ‘relatively unimportant phenomeno jon, 

= is is impossible to stress the steel spiral beyond the ined point by 


° compression on mn the concrete core of the column. 


In Section the concept of ‘reliability is analyzed. Factors 


Pega are > critically examined, and a method of accurately expressing re 


Section and is also a “necessary factor the of the 
_ wal In Section IV, , the factors essential in the di determination of safe working 
stresses in general a ‘are enumerated. Formulas are derived mathematic ally 

without the inclusion n of the ‘ ‘guesswork” factor of safety or its equivalent, 


for ‘the determination of safe stresses for ‘the : several types of reinforced con- 


erete columns. Stresses calculated from these formulas many examples 


with those pe permitted by the 1917 and 1921 Specifications. By 


comparison, the stresses permitted by Sern seettentions. are shown to be 


Lite pes of the relatively large expense and the necessity of special equip- 
ment, only a small number of plain and reinforced concrete columns have been 


— tested. In each series of tests the number of specimens, especially of duplicate 
specimens, has been less than desirable i in order to determine definitely the 


effect of each variable affecting the strength of the column. ss —™” 


This Section. is devoted to ‘an analysis, as one large group, of 
important groups of columns: that have been tested, thereby eliminating, not 
only the variation in results due ‘to factors both unknown and ineapable of 
being measured, but also the personal equation of each investigator. By yt thus 

increasing the range of variables and the number of test specimens, a surer 


and wider insight into ‘the functions of the ‘reinforcing components and a 
more exact derivation a empirical formulas are obtained. The formulas dey rel- 


“WHILE 


probable strength | a column, are applied i in Section IV. in the 


determination of safe working stresses. No common dimensions of the col- 
_umns, “such as length, diameter, slenderness ratio, strength of concrete, 
centage reinforcement, etc., are found in the ‘several ‘groups of tests. it 
a difficult task, therefore, to co-ordinate all the tests and from them to deter- 


formula is one directly from an experimental basis, assumed to 
be resolvable into simpler laws, and is only tobe accepted as true for values lying: within 


within the range of possible selection of column variables are tabulated in , 
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mine the effect et of each variable e and to formulate a general law fort the iii 


of the columns of each type. “ Evidently | columns having concrete of different — 
strengths and different percentages of spiral and reinforeement,_ 
cannot be directly compared. means of comparison, therefore, must be 
found, in order to derive the benefit of including every column in the mathe-— 
matical analysis. — A different method of analy: sis must of necessity be i ar 
The formulas in this paper are derived from an almost. purely” empirical 


“basis. ~ Such formulas are not generally held in highest esteem, but ; they should i 


“not, especially i in this case, be considered of little importance. One important 
branch of mathematics, the Theory of Errors, | deals with its subject- pel 


empirically. Scientifically, there is no sack thing as an error. _ ‘The “ error” or 


tic ally 


alent, 


discrepancy from a predicted result or from. other observations As due 


maples or or of influences too complicated | to. permit | an at a a a mathematical 


od 3 in i solution. Empirical formulas ¢ give no 0 insight into ‘underlying operating causes. 
_ Newton considered a “force” as an operating cause and a a concrete thing in it- 


a “self; modern § science has shown that a “force” is merely a: a means of measuring ~ 


change in 1 motion, cannot be measured by « any other unrelated means, and is 
incapable of being separated from matter, 


Science has changed its attitude of endeavoring to determine the reason 


for Phenomena | to one of determining the manner in which the phenomena > 


occur 5 ‘it is a change of the manner of inquiry from formerly asking why to 
the present inquiry of how, 


_ The engineer is most concerned with res results. The e empirical formula gives 
accounting for the effects of all actuating influences without inany 
Way attempting to analyze and separate the effect of each, and directly dis- 


—s 


counting the effect of the accumulation of minutie and unknown influences. a 7 
3.—Concrete, unreinforced up to six diameters). 
ind a —Concrete, reinforced: 


(a) With longitudinal steel rods, wire” laterals binding the rods” 
at intervals about equal ‘to the column diameter. 

(b) With ‘structural steel elements, these elements: themse! ves 


a column. steel structure as a whole, eol- 


umns, floor- beams, ete., iS s first erected, the concrete being 
in place i in forms built around the steel structure. 


ith wire spiral. This type is not used in practice, building 


within syed requiring longitudinal steel rods as reinforcement 
had in addition to the spiral of JO 
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REINFORCE ONCRETE COL UMNS 


‘von. Emperger rod re inforeed conerete 


isa a cast- iron tube o or column. 


is type was by Dr. von E Emperger, of Austri: 


a 
The structural steel and -east- iron columns are” included 


4 
in’ mo 


column and d vice ve rsd. The comarete without rod, reinforced 
calms are included to deve lop the formulas for the stre ength of the rod re ein- 


forced and the spiral and rod reinforced columns. i Timber, stone, and bric k 
columns, or. rather piers,* not in the same ne category with the reinforced con- 


4g. 


Se Formulas giving the reduction in strength with length. for different types | 
columns are in common usage. These formul as, however, do not afford 
means of comparing the relative reduction in stren; of types of” 
columns, Tn order to afford such a comparison, Equations (1) and (2) were 
developed. Although a square steel eolumn cannot strictly be « :ompared with 
ar round one, by substituting as the diameter the distance from face to face of 
the steel ‘column, in Equations (1), and (2), ‘satisfac tory results are obtained. 
- For built- up steel columns or cast-iron columns vet one cross- sectional : 
- the reduction in strength with le ngth is not uniform for all « conceivable 


tribution of ‘this area, The ral wiation of this distribution, howeve 


great, owing to the limited possible methods of fabrication, ete. The rela- 


tion: between ultimate strength: and of coh umn is shown in Equ: ution 
as as follows: sais} 


= ultimate strength of the column 4 
= = length of the column; 


= diameter of the column ; and 


K. and K, are constants. 

7 Equation (1) can can be reduced to: 


K 


Equation furnishes a means of comparing, the relative reduction 


strength, with length, for v arious: types of columns, by means of the constant, — 


The 


rT . *In Technologio Paper No. 111, U. S. Bureau of Standards, Mr. J. G. Bragg gives the 

results of a comprehensive series of ‘tests on brick piers, by far the largest ever tested, and 

also a résumé of the only other important series of “_— that have been made on brick piers 
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= NREINFORCED Conc RETE 


ustria, 


for ec cone crete 2 


of the constant be a also manner of ite 
variation, that is, an that measures a quantity responding to. the 
ae rn here is no means ae accurately determining the strength, even the average — 
strength, that concrete made from a hitherto unused aggregate will deve slop 


except by means of t t sp ecimens, mi ade in the same manne r, the same pro- 7 


‘Portions, percentage water, ete., as the concrete be used in the final 


‘structure. ‘itself.* Steel made unde r rigid supe rvision and qualifying for | 
certain definite strength tests, is re eceived as a finished product at _ the point 


wey at 
of eree setion and i is ere peted w with t the positive knowledge of its possessing a certain 


actual strength of the concrete. in a structure is different. ly Such 


stren sth cannot be det ermined until the cone rete has been placed and ti test 
g 


-eylinders from the same mix as that of the struc ture have been tested. 7 ‘oe rd 


B.— lest Spee imens 


-Conere te test apec imens are made in two stand: rd form: he cube, usually 

Gin in. along an edge, and the cylinder, two diameters in sla, usually 8 by =. 

“in, or 6 by 12 in. The test cylinder gives directly the ultimate strength of ee 


‘ coh made from the concrete, corrected for loss in ‘strength ‘due to length. 
Arthur Talbot, -Past-President, Am. Soe. C. E., states: “The strength 
of columns and cylinders: ‘agrees fairly well.’ strength of eylinde rs and 


“tinder, of ‘the same 


strength, | and for same reason, a anda made from the. same 
th except by chance, will not be of the same strength. 


re 
~The cube develops considerably more strength than the cylinder, but is a 
orm more difficult to mould properly, r requires more skill to make, and gives — 


less re liable results. From ‘groups of auxiliary test specimens, made to deter- 


mine the ‘strength of ‘concrete in -eolumns,t Professor Talbot has shown 

‘experimentally the greater strength ¢ of cubes. These results show the strength 


of the cube to be 1.5 5 times that of the cylinder. ‘The ratio o of the ‘Strengths, 


howeve Tr, must be dependent : on the relative size of the test specimen and the | 


- * Complete fundamental information on the preparation and properties of concrete is pat 
contained in Technologic Paper No. 58, U. 8S. Bureau of Standards. = 


Bulletin No. 20, Univ. of Illinois Eng. Station. 
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in the cylinder and the ‘cube. 
‘The greater strength of the cube as onal to that of the cy cylinder has a 


_—— eanettent basis and i is the result of the method of compressi ion failure of 


concrete. hy Concrete i in compression fails i in shear i ‘in a plane or planes inclined 


about the axis of compression. The concrete column and the test 
tite of a a length equal to twice the  ehacaasaliis: permit this shear to occur 
freely. he | form of the cube, however, forces the ‘shear failure to occur in a 


- plane inclined at an angle of ‘45° ab or more and, therefore, increases the com- 
pressive force to cause this shear and concomitant failure. This 


method of failure must be understood for the further analysis of 4 


aged There i is always t the danger that the layman or even the ordinary supervisor 
of tests will not appreciate the fact that the ultimate stress in the cube is ‘much 


_ higher than that which a column of the same material is capable of developing, 
and, from the results of cube tests, will consider the concrete much stronger — 


T he late J. ‘iB. Johnson, M. “Am. Soe. » states* * that “the cube i is not 


the best form’ ” of test specimen, ‘because of the discrepancy between column 
and cube ultimate stresses, but he did not explain the reason for this difference. 


- Professor Talbot has also statedt that it is probable that many e engineers have 


been misled by high values obtained | on test cubes. On account of the risk just 
: mentioned, the cube should be discarded as a test specimen for determining 
work, ete, , it is that it may be a ‘test specimen than the 


at 

Ultimate: ‘Stress Concrete being a non- -homogeneous 
pressive strength varies along the compression axis of a concrete column. 
‘column under increasing compression will fail at ‘the weakest point i in the 

axis, and the ultimate strength o of the conerete, determined in this ‘manner, 
not its average ultimate ‘strength, but is an accurate measure of the weakest : 
3 concrete in the column. _ Therefore, the longer the axis, the greater the length 


7 in which failure can occur, the lower the average strength, and the less the 
variation i in strength. “This be the only ‘reason the reduction in 
strength with column length. Test cylinders i in compression must fail within 
7 4 comparatively limited length, and for this reason alone ‘the test ‘cylinder, 


therefore, should show a higher average compressive strength than the column, — 


a greater vi variation in strength. This greater variation in st strength 
: known; but comparatively, for the length, the test cylinder is weaker than is 


of the largest aggregate and the diameter of the test specimen for the os nder 


“Materials of 113, 1919 Edition. vis 
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Ultimate Strain. ‘ultimate ‘strain of concrete, is subject to variations 


similar to ‘those i in the ultimate stress, and it will vary when every variable is 
controlled and made constant. The 1¢ ultimate strain is of use only 1 in ‘its rela- 


‘tionship to the ultimate stress, and is to be determined as a function of that 
"stress, , if it is one. | For various specimens of one strength, it is not to be ex- : 


pected that the ultimate strain will also be equal or constant, nor that the 


ultimate strains and stresses bear a an exact relationship for a { a group of : speci- 


‘mens made - from ¢ one ne batch of concrete. 7 The strain ‘measurements of a a column 
or test specimen are only an ‘average of the strai 

for the length over which these strains are measured. The ul ultimate s strain 
- determined i in this manner is not the true ultimate, 1 nor the e strain in. the | 
_ proximity of the point of failure. The : strain measurements on test epinders, 

as in the case of those of ultimate stxess, will be nearer the actual 1 quantities. 

extrapolation o of the stress-strain curves for concretes: of various strengths,* 
- the three average values of ultimate strain shown by the points in 1 Fig. 1 were 
obtained. The 1e representative line for these ‘points: shows marked character- 


an relationship between concrete streng and ultimate 


These 1s, obtained by extr apolation, are re roughly. checked from observa- 
: tion of the strain at which the shell of a spirally re reinforced column commences -. 
to scale. Although this scaling would indicate the ultimate strain of unre-— 


such frequently -Spalls and gives indications of 


of observing the exact stress : ian strain at which initial spalling o occurs, make 
results obtained from this method less accurate than are to be desired. eo + oe 


Some results seem to > refute the curve shown on Fig. 1, which indicates that 


cone rete of an ultimate strength of about 600 Ib. per sq. in. ha has an wl ultimate 


strain of 0.0006 in. per in. = Apparently « contradicting this are the results of 
Professor Talbot’s tests of two concrete columns with structural steel rein- 4 
forcement, the concrete having a strength of 6 680 ‘Ab. per sq. in. Adding 
unit strength to that of ‘the steel reinforcement | to obtain the total column — 
strength: ‘would indicate that before failure the columns were strained to at 

- Teast 0.0015 in. per in. The conclusions to be drawn from these two ¢ columns of — 


“concrete of low strength are not certain or final, because some reason mother 


than the ultimate strain of the concrete being greater than 0. 0006 in. per in. 
may have been the ‘cause of the strength : added by the concrete. The struc: 


tural steel columns ‘restrained the conerete inside, and may have added to ‘the a 
stren gth in'a manner similar to that of a ‘spirally reinforced column. This” 


4 


: action, however, would not be present in a column reinforced only with rods, 


m he rods would have 1 no restraining action on the conerete enclosed by them. 
P 


oisson’s Ratio—To measure Poisson’s ratio for a non- -homogeneous 
stance > such as concrete is difficult. -Poisson’s ratio’ is that of the lateral to 
longitudinal strain for a particle of the ‘concrete. infinitely small, 

it can be assumed that the strains are homogeneous throughout the particle. 


“ .—- Ay Noo. 80 the curves given in Technologic Paper No. 12, U. S. Bureau of Standards, Bul- 
_letins Nos. 300 and 466, Univ. of and ‘Bulletin No, 20, Univ. of of TMlinois. © 
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> ‘Any measurements of the longitudinal or lateral strains in. concrete neces-- 


- sarily must be averages, and it is impossible to obtain measurements of these 
9 quantities that are averages of 1 the same set of points in the concrete. The 


longitudinal strain will be an average | of the set of adjacent, longitudinal points 
in the length of the column, and the lateral strain will be | an average of ‘the 
set of adjacent lateral points in the ‘column, T hese two sets of points will have 
only an infinitesimal volume or only one point in common, and their ratios 


will be valueless for giving Poisson’ 's vale. A roughly approximate \ value of 
B oisson’s ratio ean be obtained by taking the average longitudinal strain of | 


the column for several points. around: the diameter, ‘and twelve or 
measurements of the lateral strain in its length. | . Professors Talbot and Withey 
have made longitudinal and measurements, but the lateral 
“ment was taken at only one place on the « column. The computation of ] ois. 
: -son’s: ratio from these measurements leads in many cases to absurd results, 


> 


in 


| = 


| 


Ultimate Strain in Poisson’s Ratio 8 Modulus (Ee) 


ve millions of pounds 


fluid, ora of the of the conservation of 
energy. ‘Fig. 7 shows ‘several curves giving the relation between Poisson's 
ratio and stress, ‘computed from the ‘measurements | of Professors Talbot a and 
- Withey. _ The results have » qualitative if not quantitative 1 value. Fig. 1 shows 
the relation between Poisson’s ratio and the ultimate strength. egy. phot! or 
Young’ M odulus. 8 modulus, is a variable, 


Hooke’s law, that i is, ‘that a constant, “The values of Young’ 


‘ ‘computed from ‘the anion strain and. ‘alebwiaite stress, are shown on Fi ig. 1, 
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with the representative curve, the points of: the 
quantities obtained from the s same source as the values for Poisson’s ratio. 7 
Yield Point—There is no yield point of concrete. The ‘concept of yield 
point was for steel, which has a true yield point. proof that 
of the there is no yield point for concrete needs no other evidence than the fact ‘that = 
ve authori ities cannot agree on a method of obtaining it, or arrive at the same : 
ratios value in their determination of it. soni 
Hue of | , he properties of other mater ials s used in a a monolithic structure may make 7 
ain of it essential that a certain strain is not t exceeded, which w would place a limit on 
more ‘the ‘working strain”. There is a 
Vithey “eentage of the ultimate stress, an infinite number of repetitions of of which will 
asure- “not ause failure, “nor too large an inerease in strain. These, then, are 
Pois- de finite criteria to be in concrete, instead of the so- -called ‘yield 


As silat concrete columns are never used in practice, ‘tests of 


specimens of this type are considered of small value. Test results of only 


eleven such columns can be found, and these results, together with data on 1 the: 

columns, are given in Table 1. 


e rness Ss R cH. 

average. 
(22137 
«(2 087 
71 
$1 676 


21819 
“2 


24000 
e400, 
2518 2.500 99.3 


*** Tests on Concrete and Reinforced,” at Lehigh Univ., 1915, by F. P. McKibben 


Ass' soc, M. Am, Soc. C, E., and A errill, Proceedings, Am. Concrete Inst., 1916, p. 200. ar ae 
Pests on Concrete Owen Morton Univ. of Wisconsin, - 
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concrete, but of lengths, this in strength increase 
in length could be obtained directly, either gr raphically or algebraically. With 
th the set t of columns under ¢ discussion of concrete of different strengths and— 


aa differe rent diameters, ete., some other method must be used . Fortunately, test 
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: eylinders | were made from the same batches of concrete for all the test columns, 


and these eylinders form a base from which to measure the strength of the 


in n the test cy ylinders. mer 


that of the test eylinder ie each column of sha | group, ‘the ‘relation between. 
them ean be det termine 1. These points are show n on Fi ig. 2. he represent 


tive line passes ‘the 100% ‘abscissa at the ording ate 8.: 3, which signifies that a_ 


“small test specimen with the = 2, will develop. ‘the same ultima 


stress as a column 8.3 diameters long. Theoretically, the line should CTOSS- the 


(100% absci: a at the value of 2, as the’ ratio for the small test speci- 
that value. is — to the large r diame eter 


= the test column, the unit strength being a func tion, of the relative size ee, 


the test specimen and the average size of the largest aggregate. That this is 


so can be de monstrated by considering the extreme case in which the size of 


large aggregate is equal to the diameter of the test specimen. 
‘readily be seen that such a test. specimen would suffer a reduction 


strength due. to the large size of the agereg: rte. 
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P,= total load, in pounds, o1 on the column; 
= ¢ cross-sectional area of the column, in “square inches; 
ultimate strength of the -conerete in small test ¢ cylinder 8 ; pal 
= length « of the column, in inches; 


= dia diameter of the in inches. 
The s iin diagram for cast iron is of the same general type as s that 
for concrete. Concrete gives warning of impending: failure by willing, 


failure itself being of the nature of a combined shear and crumbling. — “Cast 
‘iron gives no notice or warning of impending failure, which ‘is 


violent, almost explosive in character, "fragments, sometimes quite large, being 


Like concrete, cast iron is variable in strength. (See Section IIT.) Uneven 
cooling, sand holes, blow-holes, internal cold shuts, and unfused chaplet stems, _ 
are all likely to oceur and also” to have an enormous effect i in reducing the 


strength of a cast-iron element, such as a column. 


work, allowing proper thickness of met al, and, in general, by good design, 
cast- iron columns: may de velop great reliability and strength, and there are 


being made comme ercially i in the United States columns of such excellence that _ 

a comprehensive | series of “tests on them i is in order, as their strength an and relia- 

bility are far supe rior ‘to those qualities i in the columns t that have alres ady been 

tested and form the basis of the allows able. in use. (See 


strength ‘of the iron in F or reasons 
visable to test materials in this. Sess, . The American Society for ating 7 


Materials recommends a specimen 1 in. . in diameter and from 2.5 5 to 4 in. long - 


for « compression. tests of all cast ‘materials, — ‘Specimens : at least 2 diameters 
long are excellent for determining the true strength of cast iron, _ although a 


small specimen. ‘such | as this: will probably be homogeneous and not ot have eny | 
of the faults of the large cs castings, and. will develop 2 a higher strength | than ‘ 


‘thesome metal east into a column, 
Table 2 gives: the data on a representative ‘group of east- “iron columns 
- tested by the New York Building Department in 1897 * Although ‘tested so. 


* ago, this group seems to be one of the last, if not the latest series of tests, 


it being assumed tl that the tests ‘made during the Nineteenth (Century gave 


were final for all time for cast iron. Although data on other tests 
* av ailable, this small group is sufficiently large | for the present purpose, as no 


f 


detailed a analysis of cast- iron columns i is intended, ‘the e group being used i > 


as a means of comparison with the various types of concrete columns. 7 ae 


ig. 3 gives the results of the tests the variation | of strength with 


length, and the line repretenting the equation, | 
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- derived by William iH. - Burr, M. Am. Soe. hee E., , from the combined results of 


henixville, Pa., i in 
"1898. * Equation (6), for cast-iron columns, which is similar to Equation @), 
is obtained by dividing Equation (6) through by 30500, the result It being, 


OF CoLuMN WALL, |ULTIMATESTRESS, IN Pounps 


Diameter,| IN PER Square In INcH. 


Dia 
in inches. 
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Maximum. Average. .  |Theoreticalt. 
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al 


| 


| | 


Kent’s Mechanical Engineer’s Handbook ”’, 1910 
From Professor Burr's equation : 500 — 105 
A 


40 000 
ae 


Ultimate Stress in 
ds per square inc 


¥ 


Pe 


r structural gr srades of steel, the. y yield point is 35 000 lb. per sa. in., and the 


ultimate strength, 55 000 Ib. per sq. in., both figures being approximate. - In ‘the : 


- compression of ‘short specimens, length equal to twice the diameter, a a “curve 


2 the same a as the tension curve is produced. ‘However, for any ‘compression 


member of a commercial structure, the length is sufficiently great to cause 


oy: 


failure through buckling of the member at the yield- -point stress. ite 


ime Table 3 and Fi ig. 4 give the data on a set of | ten structural ‘steel columns 
rofessor Talbot. These columns \ duplicates of steel eolurans 


News, June 30th, 1898. =, 


t Described in Bulletin No. 56, Univ. of Illinois ng. Experiment Station. 
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The columns were excellently fabric tas preci- 
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. per a in. 
TABLE E 3.—STRUCTURAL STEEL 


Slenderness | ULTIMATE STRESS, IN POUNDS PER 
Length. 


84-700 


— - 32 700 


19 ft. 4in, 28.800 


*¥From the ae wy — = 87 200 — 512 D’ the equation of the line representative of the ten 

_ tested columns. D is the distance back to back of angles, and is approximately the column 


STRUCTURAL STEEL COLUMNS: 
LENGTHS 


Ultimate Stress i 
pounds per square inc 


27 000| a i 
a 


nd the 37 200 — 167 


the ultimate strength of the column, in pounds; 


= the cross- -sectional area, in square inches, of the steel in the 


i R oan the radius of gy ration of the cross- section of the column; and ie 
= the diameter of the column (back to back of angles). 


fy 
esults and thoroughness exactly fitted 
i i ner ty umns discu in this p 
Pa., in f r comparison with the other types of columns discussed this paper. ‘The | 
4 
tion (2), 
ing, 
) 
0.982 
1167 
it 
| 

| ; 

lumns 
lone 

{ 


178 REINFORCED CONCRETE COLUMNS 


Dividing by 37 200, the comparison equation in t 


= 1.000 — 0.0139 =...... 
Professor 


fe Talbot gives the formula: 


—” -— 36 500 — 155 — 


neglecting the -ft. specimen, and, apparently, deriving the e equation graph- 
ically. Equation (8) is determined by means of the normal equations of ‘the: 


P theory of "least squares, thus eliminating all personal and other errors presi nt 
in the graphical method, and gives an incontrovertible result. 


the steel concre te 


he ques 

sion between the twos groups s of columns, ¢ one pol wid may be considered as a 
concrete column reinforced with ‘steel, and the other a steel column reinfore ed 


with concrete, has. engaged considerable attention. The allowable working 


"stress is dependent on the group into which the column was placed. (The 
percentage selected as the division ‘was approximately 4. ) this ‘analysis, 
the columns have been grouped as follows: ‘Those the reinforcement of which 
will stand compression stress unaided as an individual column, the ultimate 

stress being about 35000 Ib. per sq. in, and those the reinforcement (longi- 

- tudinal rods) of which will not stand an appreciable load when tested inde- 

_ pendently. — _ ‘The results of the analysis prove that the s steel will develop the 

same strength in either ‘case, and, therefore, the division ean be eliminated. 
‘The reinforcing element of the steel and concrete column is in itself an 
independent structural element, capable « of functioning as a column, and 

be tested in duplicate - to. determine its individual strength. h. The cone rete 
will bear the same load as an unreinforced. column of the s same ¢éross-section. — 

The determination of | the load borne by the reinforced column | Should be sim) ile, 


being apparently the ‘sum of the loads borne by, ‘the two materials inde- 


pendently. The only possible error would be in us using ‘a concrete with an 
ultimate strain. of less than 0.0015, at which strain, structural steel in com- 
_ pression exerts its ultimate or maximum strength. © For the longitudinal rod 
reinforced column this would result in less strength being developed by the 
‘reinforced column than the sum of the strengths 0 of the steel and concrete. 


|The results of tests on twelve columns of the. type under discussion have | 
been given by Professor Talbot.* — Table 4 give es the data on these columns. | 


3 The twelve structural steel columns used as reinforcement are from the same 
men 


a series of tests and are duplicate specimens of the steel columns described pre- 
viously under “Structural Steel Columns” . Asa result of these tests, 


Bulletin No. 56, Univ. of Illinois Experiment Station, 
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fessor Talbot draws the conclusions that the oe the column | 


TABLE 4.—ConcRETE REI INFORCED WITH STRU JCTURAL STEEL. 


Unrmate Srarss, IN PER INCH. 


in 
neoretical. 


— 
12850" 


{1490 

‘850 | 


10.00 32 080 


Bi. | From the representative equation : nw 87 200 — 512 —- 


‘See text for d of theoretical column strength. 


_ Prot fessor Talbot considers the. strength of the steel i in the steel and con- : 
crete column as the average of the strengths of the two duplicate steel columns 
of the same length, that were tested. _ Although the results thus obtained are 
good and show close agreement between the strength of the steel and concrete 
column and ‘the | sum of the strengths of the  conerete and the steel column, | 
better agreement between these two quantities can be obtained. | The strength | 
developed | by the steel in the ‘steel and concrete column i is unknown. A better ad 
estimate can be e made of its strength by - deriving 1 the e strength from the entire. 
group: ‘of ten steel columns than by a ssuming it to be equal to” ree 
‘Strength of the one, two, or three steel columns of the same length as the steel 
and conerete column in question. _ Therefore, the strength of the steel in the 
steel and. concrete column should be taken as that indicated by Equation | a 


“the straight line representing the strength of the ten steel columns of different 7 


ontles emphasize the exactness with which the strength of the. columns a 
“cides with the theoretical strength thus determined, the necessary quantities — 
have been calculated and tabulated in n Table 4. The ‘difference between. the 
- averag res of the theoretical and the actual strengths of the group of reinforced _ 


concrete columns is is 0. thus proving the validity o of the original hypothesis, 
3 = showing the care with which the columns were made and tested. ie 


From the length-strength equation of the columns of this type, Equation — 


(11), in the form of Equatior n (2), i is obtained: 
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‘The length- -strength deltas: cannot be obtained directly from the results 


tabulated in Table 4 as the conerete in different length columns was of 


strengths, u ng one strength of concrete. 
B. —Concrete Reinforced with Longitudinal ies We 


This type of reinforcement differs from the structural steel type in that the 

rods, tested alone, cannot ‘support an appreciable load. | There i is a wide differ- 

ence of opinion between testing engineers as to the value of this type « of 

reinforcement. Although a almost generally accepted as in the average inereas- 

ing the strength, there is still an opinion that the - rods, by their action in § 

testing machine, , of buckling outward and breaking off the concrete 
‘ 


covering, hasten column failure. Even those engineers who most favor 


iter 
this” type of column, cannot agree on the value of the rods nor can they 


have a definite value. a rodded column shows low 


With longitudinal rod reinforced column, there 
"quantities: ‘The strength due to the concrete and th that due to the rods. 
~The strength of the | concrete in a column differs from that of ‘similar con- i) 
crete in a test -eylinder, due to the natural variation in the strength in 
concrete. ‘This: variation is so’ one even for 
- several, no conclusion can be r stre 
_ rods, as the strength of the conerete | in » individual columns cannot be de ter 
mined. If the number of columns analyzed i is sufficiently large, the variation | f 


between the average strength | of the concrete in the eylinders and that in 
the columns ean be eliminated. This principle can be illustrated as follows: 


5 _ Suppose two test cylinders are ‘made from each of various batches of con ; 


 erete of different proportions 1 and strengths. The strengths of the two eylin- 


from each batch will differ and ‘show no apparent relation. say, 
me batches ; are taken, the average of the two sets of cylinders will come 
into close agreement. The larger the number of batches, the closer the 

between the averages” 0 each set of cylinders. 

Mathematical Determination of Rod Strength — —The ultimate column 


“ea for a longitudinally | steel reinforced column (neglecting length, which 


— 


_ 


will be treated subsequently, all the columns’ being considered for the present | 


= = = the total ultimate load on the column ; 
its = = the cross-sectional area of the columns ot 


as of the same length), is of the form or 
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im = _ the stress in the concre 


s= = the stress in the steel reinforcement at the ultimate strength of 


is evidently ‘the “ratio of concrete. must be the ultimate 
str of the co concrete, as in a -rodded column, the rods, unsupported, cannot 
carry any load; that is, the strength of of the rods at maximum column strength 


_ must be exerted while the | concrete is unbroken. The rods, , although : inereas- 
ing the strength of the column, cannot increase the strength of the ec concrete. 7 


From the results of column tests, all the values of the variables i in ‘Equation — 
(13) are obtained with the exception of 8S, , which, therefore, is ) determined, — 


& being a o1 one valued explicit function of the other variables. — ~The value of S” 
det termined — from any individual column is valueless, as it depends | on the 


actual strength of concrete in the column, which is not known, 


- However, by increasing the number of test specimens, the average of the : 
. ultimate strengths of the concrete in po test cylinders approaches the average 


strength of the conerete in the column. Consequently, the average of the 
-valnes of S obtained from a number of individual columns will approach the 


‘strength of the reinforcing rods at the ultimate strength of the column “_ 


E quation (13) can be written as follows: 


s= 


which, 


ultimate stress of the concrete of Oylinder 1 M; 


the ultimate ‘stress of the concrete of Column M; 7 
‘therefore, the difference between ‘the ultimate stress of the « con- 7 
crete in the columns and the ultimate stress, of the 
‘Bee (15) “may then be written as follows: mis 


~4 


— 16) 
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Pe: already stated, ‘the average e ultimate strength of the concrete 


be. neglected in a set of columns as large as that included in this i st ii fe 

(1— is or zero. Therefore: 


= 
4 
rom Equat mn (18), it ‘may be that the in the at ulti- 
 — column stress can be determined closely from the following quantities: 
m= the ultimate ‘strength of the column; 
linge the cross-sectional area of the column; 
t, = the ratio of rod reinforcement; and 


fe= = ae stress of the concrete of the s same batch as the column 
conerete ‘moulded into a cylinder. is 


iv the data ¢ on a the ‘group of columns analyzed. Applying Equa 


“ultimate column was 31 000 Ib. sa. i 


"TABLE 5 


i” 


pee STREss, In Pounps PER 


io, |eercentage| 


: of longi- 
: length to tudinal 
diameter, | diameter, reinforce- 


(rods). 
‘a 


Ratio: 
Actual to 
theoretical 
column 
strength. 
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Apparent 
 gtress on 
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strengt 
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~ 
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0.945 
1.207 
0.948 
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4080 
41 
4 452 | 
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WWD 
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DK 
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= 


4 
* Am. Concrete [nst., Proceedings, February, 1915. 
Univ. of Wisconsin, Bulletin s00,Eng. Series. 


a _ § Equivalent cylinder strength. equal to strength of concrete in columns. Test cylinders are 
“the best available indication of the strength of the concrete in the individual column. When it is 
evident that the cylinder strengths in any series of tests for whatsoever reason are not equal to the © 
strength of the concrete in the column. then this latter strength may be determined in some — 7 
way than being equal to test cylinder strength. The ratio of the cylinder strength and ied 
concrete column strengths in the Wgoo series of tests are at variance with the ratios obtained in = 
_ other series. including the supplementary Wase group. In all other groups of tests, the column and 
cylinder strengths are very nearly equal; in the W4g¢e group the average column strength is 7% 
higher than the cylinder streneth. In the Wsoo series, the average column strength is only 0. 874 3 

_ of the average cylinder strength. -The value given in Table 5 is, therefore, taken as 0.874 of the 
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steel reinforcing rods at 

«tht | Bt 
Source. 
| 72 | 3 
2004 | 24 400 
Wat | 100 | 98 | 19605 | | 0.85 


wf Using 7s value of 31 000 Ib. per | sq. in. for the- ‘rods, and the ultimate | | 
stress for the concrete in the cylinders as that of the concrete in the columns, - 
the percentage of the theoretical to the actual “oe strength was calculated, 4 


with the results shown i in Column (9) of ' Table 5. T hese values were ‘plotted 


vith the values of | for the columns, the line ‘representative of these points — q 


giving the vitaailiala 3 in strength with length for ‘this type of column. _Assum- 
ing that the value of the stress in the rods, at ultimate column stress, varies — 


as the ‘strength of the column as a whole, the rods have a a strength ‘of 39 700 
lb. per sq. in. for a column of infinitely small length. _ This value agrees well — - 


we 


with the ultimate compressive | stress of ‘short sections. of the | rods tested. 


independently and is conclusive ‘evidence that the rods develop their full” 
“ultimate. compressive stress (yield- point stress) in columns of this type, 
corrected for variation in the strength of the column with length. rei 


length- -strength equation for the longitudinally reinforced co olumn, in 


Equation (19) reduces to: ont 

1.00 —0. 0265 


Pe, It. can be seen by comparing Equation (20) with the similar nies: 
for the other types of columns that the reduction i in strength | with length for 
‘this s type of column is rapid. 


atio: 
retical 


Load applied to concrete reinforced with» spirals | produces ‘secondary 
‘stresses in the spiral. | longitudinal compression in the concrete produces 
a tension in the ‘spiral. The increase in ultimate strength of concrete thus. 


reinforeed is due to the reaction of. the spirals to the tension ‘stresses pro-— 
duced in them. Due to the indirect or inverse manner in which the spiral 
adds strength to the column, engineers were skeptical | about accepting spiral > 


reinforcement. Numerous tests, however, have demonstrated that spirals do 

add great strength to concrete; ‘and spiral reinforcement, if used in con- 
with longitudinal reinforcement, is generally a ‘recognized 


method ‘of reinforcement. Many: engineers have yet to be “converted to the 


use of spiral reinforcement, , and ¢ especially to the value of longitudinal rods 
‘in spirally reinforced columns. | 


tions, which designate the necessary 'y percentage of rods a as from > | to 5, without 


allowing a a higher working stress in a column with the 5% of rods than in one ee - 
= "the dallidoettl outside ‘the | spiral, necessary for fire protection, , begins to 
“seale and becomes useless for taking load at the ultimate strain of the 


conere te (about 0.0015 in, per in.). the ultimate strain of spirally rein- 


See Section IT jor a of the internal behavior of spirally 
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forced concrete is much more. than that of unreinforced ‘conerete, the shell 
: contributes no strength to the column at ultimate load. Consequently, in 
the following analysis, the be as no 
out tside the 


a bes to spiral reinforcement and the percentage of ale, ultimate 
"strength of spiral, etc., have been propounded, “All investigators have assumed 


that spiral. reinforcement adds a certain definite unit strength to that of the 
concrete, irrespective of the strength of the concrete. (Professor Withey 
deduces: an exception to this from the fact ‘that ‘concrete having a strength 


of 4900 lb. per sq. in. or more will not have its strength noticeably increased 
spiral reinforcement). It is. generally understood that high carbon 
steel wire as spiral pik gives more strength to the concrete, in a a 


slumn than wire of low carbon or structural grade steel. 


‘That spiral "reinforcement should add a certain unit strength does not 
seem the : simplest nor the most logical assumption in attacking the problem. It 


| appears more logical to assume that the spiral increases the strength of the 
- voncrete in the column by a certain function of the strength of the unrein- 


forced conerete. A constant multiplier is the simplest funetion to” assume; 
that i is, that the increase in - strength of the concrete for a fixed ‘Pereentage 
spiral is a definite percentage of the strength of the concrete. 
j is expressed by Equation (21): 


os = of the spirally reinforced concrete; 
= ultim nate strength of the unreinforced concrete; 


~ 
= ratio of ‘spiral reinforcement; and 


roce eeding on this assumption, , the percentage increase strengt th of 


the concrete in the column over th the strength of the concrete in corresponding 


og test cylinders | has been calculated for the group of columns given in Table 6. 
; The he percentage incre ase has been plotted with the percentage of spiral rein- 
forcement i in ‘Fig. 5. representative straight line has been drawn for ‘the 


‘points and it may be ‘noted that all the points with the exception of the two ye 
"groups, 1, 2, and 3 and 14, 15, and 16, apparently are in agreement with the 


3 line. It must be remembered that the strength of the columns will vary 
] greatly due to the variation in strength of the conerete and that, therefore, the 


points representing individual columns will not coincide with the representa: 5 
i tive line. The agreement of individual points and the representative line 


‘ cannot be closer than the strength agreement of individual conerete test speci- : 


‘specimens: (Wee = 27, and Wye, = 28) were made from concrete 


an ultimate strength of about 4 900 Ib. per sq. in. there were 


other columns made by the | ‘same investigator in the same group, of concrete § 
of lower strength, that had their strength | increased according to the line eof 4 


‘Fig. 5, it may be concluded that concrete of such high strength does not 
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apprecis ‘iably in it 
of concrete having a ‘strength of about. 4000 lb. 


ceases te. proportionately as concrete of 
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sions (of core): 

 diameterx 

length, ininches, 


~Wsooll 
Woool 

Wso0 


10 by 120 


10 by 
10 by 


Ratio: 


10 by 


| 


diameter, 


length to 


>| 


Amount, | 


“ews? 
7.8 


ercentage.4 


per 


10.2 


10.2 


10.2 
10.0 


8 


strength, in 
| pounds per © 

square inch. 
ult 


| Yield-point 
] 


ate 


838 


im 


‘pounds per 


strength, in 
square inch. 


j 


= 


Test CYLINDER, ULTI- 
STRENGTH, IN 
POUNDS PER SQUARE 


N 
Inca. 


Individual. 


Average. 


| matestrength, in 


4 


| 


Fd 


WWW WOW HI 


= 


Ole 


. 


* 


DO BO BO CO Co CO 


ounds per square 


p 


09 CO 


88 


atio: Colu 


28 


oow 


mu 


to cylinder 
strength, 


3 


Ratio: Actual col- 
umn to theoretical 


| column strength. 


om 


33 


t 


$s 


strength due to spiral reinforcement. The specimens 


seh 


t Bulletin No. 466, Eng. Series, Univ. of veil 

Bulletin No. 20, Eng. Series, Univ. of Illinois. 

ere § Proceedings, Am. Concrete Inst., February, 1915. bit 
rerete 


| Bulletin No. 300, Eng. Series, Univ. of Wisconsin. 


Based on volume of concrete within spiral. 


tt Omitted from ‘oes Spiral does not give proportionate increase eof strength | to this 


b 


. 
the shell ow 
ently, in ng for 
int ibly between 
° nor On som “oe u ° 
ri | | lg 
| ‘Hh 
Waeet by 102) 10.2 0.50 | 600 1 650 
(7) | 500. 1 433 03 
10.0 | 0.845) 38 000 450 58 
(21 by 60] 4.3 | 0.95 | 67 000 | 184 4 
{14 by 240 0.96 | 67 184 st 
| | 425 ¢ 1 ) 26 
10 by 102} .o0 | 96 000 | 133 47 
96.000 | 1 19  &§ 
Waeet |10 by 102) 4 880 00 | + 
[12 by 120 115 000 | 152 000 190 | | 
4 by 120} 10.0 73 000 Rg 
0.0 54000 | 7 1800 | 
Tt [12 by 120) 10, 115 000 | 150 000 24 94 | Of. 
[12 by 120| 10.0 115 000 1 400 = 
(14 by 1201 8.6 | 1.95 | 68.000 | 95 000 
4 14 by 120) 8.6 | 1.95 | — 
M we 008 4 660! 2.33 1, 10 
2.00 | 98 000 | 180 000 
th the Wsool wide 1928 | 4900 2.98) 1.05 ff 
l vary 12.0 2.00 6 ly 918 660! 1.91 0.89 
>, the 2.00 | 98.000 | 180 000 
re, the j (38) 12.0 | 050 4885 | 8 410 1.81 085 
mente 30) | | 8:00} WO | | 
e line = | 
e il 


REINFORCED CONCRETE COLUMNS 4 [Papers 


strength. As there is, only two reinforced en of concrete of high 
strength on which to base conclusions, it cannot be decided whether the 

columns did increased strength due to. the high strength of 
the concrete or to some which might be endent of ita. 


dl 


coo 


Pia 


_ Percentage increase in Strengt 


STRENGTH DUE TO 
SPIRAL REINFORCEMENT | 


Percentage of Spiral we 


on so much as | seri ies: made to determine the of 
‘The + strength of s such a spirally reinforced column relative to the strength 
4 of the concrete unit is measured by, and is, therefore, a direct function of, 
the strength of test cylinders. by a ny means the apparent strength | 
a 
of the test cylinders. is lowered, then, as a result, the relative and apparent, 
3 strength of the | column i is increased, and, therefore, the increase in strength 
the concrete in the column due to the ‘spiral, is increased. Several cy 
i - ders in this : series ‘that failed at high values * were discarded by the authors as 
being abnormal. ‘The practice arbitrarily discarding 
cannot be too condemned, as the only legitimate reason for 
practice is the proof of that abnormality. if a cylinder tested low, 
could be seen that some defect had caused the reduction in . strength, then it 


would - be permissible and proper to exclude the cylinder from all osha 


tions. To exclude a cylinder because of high strength, however, is preposter- 
ous, as positively no defect could be present. ts In this | analysis, all the = 


_ cylinders, including: those discarded, are included in the averages in de ter- 

mae the strength of the concrete, resulting in two cases out of the five 
bringing the columns (that is, groups of three columns) from 


nt into “agreement with the ‘representative = rom 
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REINFORCED 
‘series of tests, five groups of columns are available for comparison in Fig. |! 5. 


i 
Three groups agree with the representative line and the other two groups — 
disagree, showing a much higher strength than the straight line would a 


indicate. minority of the ‘specimens in a a test such as the one under ‘con-. 


sideration, made | for the purpose of obtaining | as high a strength as possible, 
showi ing an n abnorm: mally high and non- n-concomitant strength, should have 


only a mall influence on the results to be drawn from the several series 
of columns as. a whole. It has been considered that the best procedure would 
be to omit from the present calculations the two groups (M- 1, 2,3 and M- 14, 


15, 16), which show such abnormally high strengths. 


Even ‘if these two groups of columns of high strength can be shown, in 


the future, to have possessed this high strength due to some property y of the a 
concrete, the spirals, or the method of treatment of the concrete, etc., until 
this strength can be shown capable of reproduction at will, the - reason for 


the high strength must be considered as accidental and to have no _ bearing a 


_ Equation (21) i is that of the representative straight line, giving y the increase 


in the strength of concrete due to spiral as follows: 


os 
1 
The 


the mean n value b being 0. 8 0. 016 and 1 Equation becomes: 


ff fos = + 0.573 foe . 


It has been generally alicia that the increase - in the strength of con- 


crete due to ‘spiral reinforcement is a function of the ultimate strength of 


xamining all the included in ‘Table 6 it may noted that: 
4 


“the wire constituting ‘the spiral and that wire of high ‘ultimate strength (high- 
earbon: steel) will give superior column strength. was a natural | error 


to be expected in an initial abstract consideration of the problem. Further 
a coincidence in an of tests svperentiy out su] 


although ‘the yield- -point strength and the ultimate strength of the spirals 
varied greatly, there is no relation between the variation in ‘strength of il * 


quan tities : and the i > increase in strength due to the spiral : reinforcement. 7 Even 
if such a relation existed, it would be difficult to discern, owing to the intro- 


duction. of the strength v variation inherent in concrete. 


4 


The group of seven | columns tested by Professor ' Talbot affords an excellent — 
of the independence of the increase in column | strength and the ulti- 
strength c or yield-point strength of the spiral, and are sufficient, 
- the consideration « of the whole group of spirally reinforced columns, to prove | 

In analyzing the results of these tests, Professor Talbot 


n a cc mstant increase in strength 


— 
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per unit of column area, independent of the inate of the concrete, and it 

SO happened that, in all but three instances, the concrete of low strength was 

"reinforced 1 | with a spiral of low strength, and the concrete of high ‘strength 

— reinforced with ‘a spiral of high strength. The apparent result is to. 

- give a greater increase in n strength with the spiral of higher strength. . In 

Columns 31 and 32, , however, of which the c concrete is of the same strength, 


— 


spiral with the low ultimate > strength caused a higher column strength 


12) for the. ‘columns reinforced with the high-e -carbon wire differs by less 
than 1% from its “average value for the columns reinforced w with the 
carbon wire. . The range between the strength « of the low-carbon and the 
_high- carbon spiral for this group of seven’ columns is the extreme for the 
- Spirals in all the columns included in Table 6. The cunetunt,: k, being a 


wee 


- measure of the i increase in strength due to spiral reinforcement, this i increase 


is independent of the: strength of the spirals for the extreme lim 
to 150000 lb. per sq. _in. for the ultimate strength and a comsundibnist varia-_ 
tion of from 38 000 to ‘115 000 lb. per sq. in. in the yield-point stress. 


There i is, therefore, waste of strength i in using high- -earbon 1 reinforcement; 


is not a as easily. harmed by accidental deformation. 
The method of deriving the _length- -strength e 
the columns reinforced with 
‘that is, the ratio of theoretical (according to Equation to 


actual column strength, expressed it in pereentage, was determined for each 
~ column. ‘The percentages are then plotted with the length of the column, 


‘resulting i in in Equations | (24) and (25) 


The of ‘the reinforced column be 


on 
= the ultimate in poun nds; fat a 


the cross-s -section of the column, in square inches; 
fo = the ultimate strength of the concrete, as determined in test 
= the length of the column, in inches (or feet); and in, eo 


= the diameter of the spiral, in inches (or feet). = colt 
(26) is an ‘empirical: equation derived as an average fi for the 


spirally reinforced column from m a se set of ‘points. ¥ any set of vs 


however, ev en if they are ‘independent of any ee. ‘of formation, an av 
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ond & value can be found. Although the points for the individual columns, 

a ee general way, agree with the representative line, they vary to such a lar 
nth extent fr from it that the var variation could be the result of a fundamental dis 
i. i agreement ‘with the line or from the inherent variation of strength of con- 
In erete. The ‘proof that this is the correct equation is neatly applied by the 


method of 1 measuring the variation in ‘the strength of materials, as sth of al 


rength, and described in Section Til. Thé individual variation in strength of all 


rength the: columns i in Table 6 from that given by Equation (23) has been obtained. — 

ation ‘The measure of this variation is almost the same as it would be if _ 
Tess columns were» ‘made of concrete without any reinforcement showing the 

” ow “var riation in the ‘strength of the columns to to be due to the inherent t variation 7 

nd head in the strength of the concrete and proving Equation (23) to be correct. — a 


eing a ls D D.—Columns Reinforced with Spirals and Longitudinal Rods ~ 


‘strengths of two groups of that were identical, except that. one 
had no reinforcement, can be compared, with the result that the group with 
rods is always the stronger. ‘The contention, however, is and has been, that, 

although the average is stronger, in an individual case the rods" may add no 


strength, or, worse, decrease it. inherent variation in the ‘strength of 


nerease Authoritios ‘differ as to the value of longitudinal reinforcing” rods in 
‘spirally reinforced columns. is a common i impression that the rods. buckle, 

bending outward, thus” bearing on the spiral and causing it to fail. That: 

the rods “generally -eaused an increase strength was admitted and could” 

ements be proved from the results of tests. This is a simple process, as s the average 


crete made the problem complex and it is impossible to measure the strength 

that the rods developed in any one column. The statement that a low ‘column 7 
strength was the result of the rods could be disputed, but not disproved. — co 
. ‘method of determining the increase in the strength of the conerete due to 
“spiral reinforcement being at fault added to the confusion. iy 

uo We method of eliminating the effect of the variation in strength of con- 
crete has: ever before been used. The column was considered a a ‘unit, the 
strength of the column as ‘a unit being ‘considered somewhat as a —— 


of the number of rods. cused as reinforcement. - ‘The actual stress developed 


> 


by the rods, considered 2 as independent | units, however, was never attempted. 
oD strength of the column i is a function of the following: 4 ‘The strength | 


of the concrete, the strength added to the concrete by the spiral reinforce- oy 
ment, and the stress in the longitudinal rods + at ultimate column ‘strength. 


Tn each column, therefore, there are three unknowns. It i s known, however, - 


that the spiral increases the strength concrete in a definite manner 
ef 'ven by Equation, 


- Equation: (98) i is valid when rods are used, : as they ca come increase the strength 7 


concrete 

vin the column and the stress i in the rods at ultimate column | strength. As in 


— 
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er of the = the strength o of the concrete in an individual column 
is unknown. — Its strength Ww ill not be the same as. that of the concrete in 
test cylinders from the same batch of concrete, and to determine the 
_ strength of the rods by the difference between “the strength of the column 
and | that due to the spirally reinforced —e_, assuming that the column 
concrete is of the same strength as the cylinder concrete, leads to absurd 
‘results that are sometimes. negative. The unit strength of the rods at ulti-_ 
mate column strength thus calculated is given in Column (9) of Table 7. 
It it will be noticed that these quantities are not the true stress the rods, 


as 3 that is impossible to determine, and, on account of the large variation in 


The average of the values in Column of Table Va gives the true 


is 36 500 Ib. per sq. , which gives the impression that it is 
and that, therefore, the whole basis on n which the result was derived “was 


Obtaining the length- strength relation. by for the 
spiral reinforeed column, , the equation: 
Ny at 20 — 0.02 0. 0225 


—— ‘that the strength of the rods varies with that of the column 


per sq. in, however, is proof that the rods exert their yield- -point stress at the 
“ultimate column stress, and, as a corollary, it may be stated that, from 
these results, it is ‘conclusive that the rods do not cause any ; reduetion i in the 


The general equation to express the strength of the conerete eclumn 


—— with spiral a nd longitudinal r ods is, as follows: i Fonte 

573 +36 500 .0 00 — - 0.0183 


= ratio of longitudinal steel rod | reinforcement; 


in 


Pa 
a 
i; 
7 
rods is such a variable quantity. It will be shown subs 
averaging, the inherent variation in strength due to the concrete is eliminated. 
{a This can be understood by considering the demonstration given for columns yy 
' 
4 
| 
9) 
— 
wal 
Pm = the total load borne by the column at ultimate strength; 
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|. 
the length of the column; coma 


= 


— the ey linder 


ne the 
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olumn 
absurd 


TABLE 7 -—Rop AND SPIRAL REINFORCED CoNCRETE COLUMNS. 


t 


| 


Test CYLINDER: ULTIMATE 


q 


mep- 

nch, 


STRENGTH, IN POUNDS 


t ulti SquarRE INCH. 


able 7. 
rods, 
ion in 
by y the 
at the 


1e true 


orcemen 


Yau 
| 
ource 


Individual. 


at ultimate 
column 


sions (of core): 
pirals, 
Stress on rods 
in pounds per — 
Ratio of actual || 


mate strength, 


in pound 
square i 


Reinforcement 
Columns: 


- length, in inches.|} 


Ratio: Length 
-¥ to diameter, 
rods§, percent- 


= 
square inch. 


 Reinf 


~ diameter 
theoretical 
column strength.|| 


Column di 


q 


24 500 
900 
400 


 —500 
900 

600 

200 
800 


68 


2 675 

2 100 

11 400 
2 100. 
1 890 


{ 825 || 
{ 


for the 


000 | 
pet I 4 


1.012 
1. 


0. 
0.955 


1.238 
1.073 


1.128 


33 500 
26 500 
86 300 
53 700 
40 500° 


44 500° 


column 


neth is 
nnot be 
800 Ib. 
the 
, from 

in the 

all 


column 


10 by 102 
10 by 102 
10 by 102 
10 by 102 
10 by 102 


NID 
co 


for] 


SS 


ex 
O® PR OT OTA 


g 


2 
co 


WH 


10 by 102 | 10.2 


10 by 102 


* Proceedings, Am. Concrete Inst., 1915. 
+ Bulletin No. 466, Eng. Series, Univ. of Wisconsin. — 
Bulletin No. 300, Eng. Series, Univ. of Wisconsin. ity 
q Not corrected for column length. Average ed the total anes of values = 


= 36 ib. per sq. in. 


= 
Papers, 
olumn 
ete in fe 
= — 
| 
12 860 | 6 025 
At 3 035 9 959 6 495, 0.975 
0.99 | 1.88 | | 050, 0.92200 
4 7144] 8185 )| 4 785 1.144 
plumns | by 102 | 10.2 | | 1905 14 § 
+8 | 2.00 12 170|| 4060 | 0 
0 | 8.50 | 938 4-970 24 0 \ 
| (by 102) 10.2 (3 750 
% 2 | 6.15 | 0.95 760 || 
83 | 1.00 190 | 1,098 
W tise hed 0.50 790 87 800 1.000 
W tise ah | B10 | 25 100 | 0.928 
10.2 | 6.11 550 | 27 600 
6.1 | 1.00 760 41 700 | 42148 
| 1.0 | 42 250° 0.892 
10.2 | 8.00 380 680 | 28 700 
| 1.96 } gos 619 | 17 100 | 0.847 
2280 2305 990 | 35 100 
* 1.96 | 13 330 a 
| 
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—Columns Reinforced with Spiral Cast Tron 4 


This general type of column wa was first suggested and cused on the Continent 


ie Dr. - von E Smperger of of Austria.* 


reinforced conerete undergoes considerably 1 more strain at “alti- 


ranging from 


0006 to 0.0016 in. per in, reas spirally reinforced has an ulti- 
i 
a mate strain of 0.0035 to eae: in. per in. (See e ‘Section II. “E The stress in 


oe cast iron of ordinary grade at. a ‘strain of 0. 0016 is only 16 000 Ib. per sq. 
whereas” for a strain of 0.0035, its stress is about 35 000 Ib. per sq. in +» tnd 


nay be as muc sh as 90 000 Ib. per sq. in. Morleyt ¢ gives a stress- strain curve 
or such a specimen. It is evident, therefore, that a longitudinal structural 
element of co ast iron in a spirally reinforced column would exhibit at least 
the strength of structural steel, and conside srably more than it would in a 
plain concrete column. With the better” grade of castings: that are being 


introduced in the United States, there is reason to expect a new era for the 


use of cast iron. “= 


TABL E8 3. —CON ONCRETE COL UMNS REINFORCED WITH SPIRAL AND Cast Troy, 


| ULTIMaTE StREss, IN 


POUNDS PER SQUARE | 


> 
CAST-IRON 4 PERCENTAGE OF AREAS 
REINFORCE- oF Net CoLuMN AREA Loan, 


> 


lumn, 


co 


Diameter 


feet. 


Coneret 


sth of 


At first sign 
of failure. 


qa 


36 500 1 057 000 
5000 | 1 026 000 
5500 | 940 000 

000 031 500 


530 500 | — 925 000 
565 500 920 000 


911 000 

940 000 

895 000 

1 066 000 

1 071 800 
000 
951 500 


680 500 | 969 000 
680 500 
837 500 


100. 540 510 000 000 
poe 


_ Ta ‘able 8 and Fig. 6 give the data on a group of sixteen co ns of th 1 VOR 


Emperger type. _ These columns were tested at the Pittaburgh Branch of the 
Ss. Bureau of ‘Standards for L. J. Mensch, M. Am. Soc. OC. E and have 


was of two types, one being a hollow tube 


— 


of Concrete with: Cast-Iron Reinforcement,’ ” Proceedings, Am. Cone 


~~ 
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wey. 

~ 


192, 
7 
| tag 
| sti 
use 
7 cal 
the 
13 
ca 
th 
00 
ca 
as 
di 
ig 
W 
= 
— W 
INCH 
| | ge | 3 f 
| 
gE 86.6] 7 560 
84.9 | 10560 | 4150 
10 86.6 9 38) 
86.6 9680) | 3 730 
86.2 9230 | 4 300 
10 86.2 | 727 500 10980 | 430 
10 87.0 850 000 (9480 | 4300 
10 87.0 | 576 000 
| O.71 | 0.68] 12.7] 86.6 800 250 
, | 0.71] 0:68) 12.7] 86.6 9150 | 250 
: 0.71 | 8520 | 440 
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tageous in that it gives a larger radius of’ gyration and conenqnenty greater 


stiffness and strength | for the same cross-section. 7 The hollow core can be 


used, if sufficiently large, for piping or ventilation. = The maximum | load is 


carried by the column at the: ‘time ‘the concrete fails, and this occurs ‘Sli 


the ‘spirals fail in tension. (See Section II.) If compression of the column 


i3 continued, the ‘spiral will begin to Further 


causes the failure of ‘the ¢ vast iron inside 


east i iron not been used | as whlch | is that of the coneret 


as increased by the spiral reinforcement. added strength of the von 
Emperger ¢ column is due to the cast- this found 


yon Emperger type tested). The concrete in these two columns, howev er, 
was much stronger than ‘that used in “a von Emperger type of columns, as 


shown by the strengths of the test Keach t would be much better to om 


EMPERGER TYPE COLUMNS: ; 
LENGTH~STRENGTH RELATION | 


ds 


Ow 
n 
Ea 
53 


- 5 Ratio of length to diameter (4 


use the strength | ot “— concrete in the test cylinders, increased in strength by = 
the spiral, as given by Equation — (28). The net result of the latter treatment 


is to show a smaller “stress in the cast iron when the column is bearing ; 
“maximum load, the value being 37 400 Ib. per sq. in., computed by the latter | 


method. This” value gives an accurate means of obtaining the strain at 
which reinforeed concrete fails. _ From the stress- strain. diagram of the cast 
iron similar to that used as reinforcement in the columns mentioned, it is 


that the ‘strain to stress of 37 400 Ib. per sq. in. is: 


(00084 in, per im, 
Plot ting the . strengths of the nine bi of the same cross- -section, the a 


length-strength relation obtained 


= 1.220 — 0.0219 —. (30) 
D 


‘ 


198 
| thud. In consequence of this metho of failure, the concrete, at maximum " 7 7 
or the | 
TRON. | 
RESS, IN 
SQUARE 
4150 | 
370 
8750 
4 300 
; 300 iy 
4 300 | 
4 300 
4 250 
8 900 | | 
4250 
| 
| 
q 
adyan- 
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The equation £ for the co column of this twee can be expressed as: 7 =A, 


=(1 .220 — 0.0219 Jes (l—7r,—r,) 4 Tr; = 


a.” = the total ultimate load on the column, in pounds; 


A= the total cross- -sectional : area of the column’ (not including the | 


space in the core), in square inches 
length of the column , in inches or feet; 

the diameter of the or fet, Ww ithin the ‘spiral; | 
r; = the ratio of cast- iron reinforcement ; 
“ve. og = the ratio of longitudinal ‘steel reinforcement; _ 


ow: = the yield point of the steel reinforcement may 


to be 35 000 Ib. per sq. in.); 


the stress in the cast iron at the strain of 0.0034. _ 


fos is given by Equation (23). “oe 
—Comparison of the Various Length- Strength ns 
Table 9 is given enable a comparison to be made between the so- 


reduced the form of showing the length-strength | 


é Type of Column Equation. 


Cast iron.... 


= 1,000 — 0.0126 — 
D 


Concrete, Do .. = 1. 000 — 0.0 


0 000 — 0.0188 D 

Concrete rein with rods.. U 0028 5 


INTERNAL BEHAVIOR OF SPIRALLY 


REINFORCED COLUMNS 


1 -SourcE oF STRENGTH 
That the ultimate strength of the ‘spirally reinforced column is 


spiral alone, the concrete being considered as a substance off fering 


no resistance and , therefore, acting» as perfect fluid, ¢ can be prov ved as 


follows: | : The longitudinal column stress and that in the spiral in | this case 


e 
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would be equal, respectively, in a thin cylinder 
and the lateral tension in the cylinder walls, the percentage of volume | 


of the « cylinder walls | equalling ‘that of spiral reinforcement. The « equation — 
giving the relation between the lateral cylinder stress and the hydraulic p pres- 


a 


ure, » transposed meet gives Equation (33): 


in 1 which, 

p = the longitudinal stress in the concrete; 


the stress in the spiral; and, 


m= ‘the ratio of spiral 
assumed 
B. F For a 2% spiral reinforcement of the ultimate strength of 150 000 Ib. per sq. 
‘in, which values. are those to give ‘the largest value t to p in Equation (33) 
for the materials | in any or all the 1 test ‘alin + examined i in Section I, the 
column stress, p, is s found to be 1500 lb. . per sq. i in. It is shown, , subsequently, 
“that: ultimate or preferably maximum column stress occurs when the | spiral 
- -called is stressed at most to its yield point. — For a 2% spiral 1 reinforcement stressed & 
strength to a yield point of 115 000 ‘lb. per sq. in. , again values taken from | the nod _ 


group of columns being those to give to its greatest value, the column 
+, 


stress, p, is found to be only 1150 Ib. per sq. in. _ These computed values for — 
the column str stress are only a fraction of | the ultimate stresses actually devel- 


oped in columns of this type; therefore, the strength of the column is not. 


developed solely by the spiral “reinforcement. ( See Table 6. )' As a corollary, 


it might be stated that the concrete is not valueless at maximum eolumn load, i 
that it. is not completely destroyed, and that it does not act merely as. 7 


perfect fluid transmitting the compressive forces: to aol spiral reinforcement. 


2.— MATHEMATICAL |] Equations 


tegen for the spirally reinforced column can be derived from ‘ili 


ndamental equations: te 3 
q 


= oung’s modulus" (unrestrained) ; 


= ¥ oung’ 
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(32) 
] 

q 

q 
1.0155 
noise 
0.0139 — 
0.0171 
(35). 
& 
roved as 

this case _p = the longitudinal stress in the column (concrete); = #  °&#£«/&§ 
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the longitudinal strain in the column (concrete), the subscript, r, 


denotes that the strain is for a laterally (by spiral) restrained 


eonerete, and is “equal to the strain as given by the 
= the lateral stress column (concrete) 

= the lateral strain j in the column 


spiral times 0. 01); nd 

ratio. (anreinforced), that is, the ratio 


a era Oo on 1tu ina s rain. bg 


Th 


e symbol, Ee, requires some ne explanation. By 


which, e is the strai n ‘resulting: in concrete stressed to the intensity, * 


E,, is not a constant but varies with the intensity of p. Dp. For values of e equal: 


to or less than the ultimate strain of laterally unrestrained concrete, can 


determined directly from the equation, by using” 
values of p and e of unreinforced conarete,, a method becoming cull 
beyond the ultimate ‘strain of concrete. The value can also be 


obtained from Equation (34) for all strain values, both less than and 
than the ultimate strain of unreinforced concrete. " Note must be made that 
the v value of EF, obtained by the two methods outlined does not correspond for 
identical values of the strain, and also that the quantity, Bo, as 

narily understood a as the ratio of stress to. strain, is an imaginary quantity for 
values of e beyond the ultimate strain of unreinforced concrete. ih both 

ion (34) and Equation | (a), E, has the same 1: 1 relationship with 
od Equations (34) and (35) are derived from the study of the strains in a 


ere “' 1, is — pereentage e of spiral in a a column, and a cut is made through 


= axis of the ‘column, the ratio of the areas of exposed steel and “concrete: 
in the longitudinal cross-section is. =r. _ The total tension in the spiral must 


equal the total compression in the con = Ac Pie ‘Theref fore, 


= As therefore, > = Py Wh which i is Equation (30). 


The spiral is rigidly fixed to the and any 


1960 Pa 
7 
th 
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q 
the strain in the spiral reinforcement; 
yer- 
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al 
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Gg 
~~ } . Equation (38) is the simple stress-strain relation for steel. This is nearly 


script, r, 

strained 
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by the 


sity, p. 
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Ae Devived Equations 
Substituting in Equation (34) the value of py siver (6), 
there is obtained: 


s 


7 


2 


4 


is 4 to two quantities, first of ey is sa 


function of the concrete, and the second,— p,, a function of the ae 


*c/m 


in in which is ultimate or maximum strength of 


At the ultimate concrete, approximately 0.0015 in. 
per in Cy Ce, Bi. An increase in strain and load beyond this point 


increases In what manner does P 4 vary ? This can be determined from 


Equation by using known and substituted values of, in 


1 these are values to give tl the greatest value to- va 


Ke 
= and which is the maximum that — p, ean assume. 


‘Iti is probably, a as the criterion, larger than the value which it actually does, 
‘Gate a Again, as it can be proved that the spiral at maximum column stress 


= 
in “Materials of Saatmeerion” Johnson has developed a somewhat similar equation for 
Ds. This equation has been commonly accepted, but it contains one indeterminate quantity, 
and checks poorly with experiments. Equation (41) gives values which check closely with © 


tans 
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most stressed to the yield point, using yield-point which give pa 


naximum value 1 50 Tb. ‘per in. is obtained for — p,. These values 


and - in the can be for 
percentages | of reinforcement. See Table 6.) For example, concrete 
of a strength of 3 000 ‘Ib. per sq. in., reinforced with 2% of ‘spiral, would have 


its” strength increased approximately. 3 400 Ib. sq. in. according to 
‘Therefore, Yn must be p positive, as, 


. 


e, beyond the value Ee) m. The of the | 
‘spirally reinforced column, therefore, must be due to some inherent quality 
of the > concrete which ‘permits it to be compressed uninjured, when spirally 
reinforced, greatly in excess of the ultimate strain of unreinforced concrete. 
Equation (39) shows that the greatest part of the increase in strength -eaused 
by spiral reinforcement is due to the increase in e FL, over the value (e Ew 
and that this } part of the increase is practically independent of Poisson’s ratio 
’ and the stress in the spiral. . The magnitude of e, FE, for any value of ¢,, is 
: "independent of the stress in the spiral, but is a function of the percentage of 


oe Referring again to the concrete with an ultimate iting of 3 000 Ib. per 
the 


value of 6 400 Ib. per : sq. in., » the following calculations can be made. The 
—_ aren value of - — p,,in Equation (39), is 1 150 lb. per sq. in. The 


in., reinforced with 2% of spiral and thus increased by 340 400 Ib. 


pares with the value « of the of unreinforeed concrete of 0. 0015 
is lower at the 


ulti 
gly yx are by 
‘extrapolation of direct to be 0.0006 and 
0.0030 in. per in. (See Section IT, 4 D.) This is ‘equivalent to stresses of 

18 000 and 90 000 Ib. per sq. i in., n., respectively, i in the: spiral. By Equation (38), 


= maximum increase in column strength due to 2% of spiral reinforcement 


in, » is 900 per sq. in. which is the maximum increase in 


_ spiral alone for the group of columns analyzed in Section TI The maximum 
— Limerease due to the spiral alone, corresponding to a spiral stress of 18 000 Ib. 
per sq. in., , is 180 Ib. per sq. in. This i is a variation of only 720 Ib. per sq. in, 
to the maximum difference in ‘Spiral stress at maximum column 


_ The increase in strength spirally concrete, therefore, is 
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it at the instant of maximum or ultim ate column load, as the maxi- 5 


mum Vv variation in the stress in the spiral causes a maximum variation | in 


column. strength of only 860 shove per ‘sq. in. which i is approximately 6 per cent. 


38 000 1 bb. per sq. in, n. the latter being the lowest value of the yield point of the 
spiral, variation te tien strength of the spiral i in the particular ‘column would 
not affect the maximum strength of the column, as_ all spirals would b be : 
capable of being st stressed to at least 38 000 lb. per sq. in. . i the concrete com- 
pressed sufficiently to stress the spiral beyond 38 000 Ib. per sq. in. then, from 


_ Equation (38), it can be seen that the column strength would be slightly 


influenced by the var iation in yield point and consequent variation in ‘ultimate 


‘strength of the spiral. 


Ib the group of columns | tested at the University of | Tllinois, however, the 
inerease in strength due to ‘the “spir ral reinforcement was independent of the 


yield- -point stress of the spiral. - This ‘would indicate that, for stresses of 
18000 Ib. per sq. in. or more, in ‘the spiral, which is the spiral stress range in — 


which column f failure occurs s, the rate of decrease i in e, E, is algebraically | as a 

large as that of © —P,, or, ife, E, did not decrease more rapidly than — p,, 


that all the in for this group columns at maximum 


In 


variati ion ‘in ‘te’ yield of the spirals, used. ‘This is the limits 


fie A—Poisson’s Ratio 


Poisson’ s ratio, , is that of longitudinal to the lateral: strain in . 


material, and, therefore, may be writ written a: *. . For a perfect ‘fluid, for which. 


Poisson’ s ratio is a a constant and also has the ¢ greatest possible value, 7 0.5 
Pois 


material could increase in volume due to compressive stress, which is absurd, 


and leads t to a direct contradiction of the principle of the conservation of energy. 


Poisson’ sratio’ is not but is——*. for all solids, the initial value of 


is ‘much. less than 0.5, t the | ‘material, 


“Ye F or spirally reinforced concrete, ratio is smaller. than it is 
inreinforeed concrete. < To ‘strain of unreinforced concrete the 
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stress, as both by ‘measurement and by Equ a- 


tion” (41), is sat the most 10000 Ib. per sq. in. Equation (36) shows that 2% 
of — wi hen stressed to this — - duc one lateral stress in the concre te 


reduc ‘tion of Pe ‘oisson ratio to five-n in iths of its 1 unre estraine ed value. 


w the of 


in n stres sand to among raluee, a perce suc h high 


values” as ( 0.7 0.85, contradiction to the “previous: 


monsurent ents, 


‘material as concrete, the between the wry and 
é fact vanishes. The lateral strain w was measured at one or two places o on the 


column the longitudinal strain was measur ed for the whole length 

Consequently, the longitudinal strain me wae the average for 


“the whole column, the measurements. of lateral stra 


‘for only one or two pe wrticular points on the le ngth of the olen, T he t two 
— quantities were not —— fore, for the same series of particles of 


concrete, only CO ynmon to the two meas sure ements. 


2 the strains: we re constant throughout the mass of the concrete, this me ‘thod 
would be valid, but with a non- homogeneous substance such as concrete, ‘the: 


ation in strains throughout the mas 3s ake sue h me vi alucle less 
a 


and ex xample, the present values obt: tined from Poisson’s atio. Although 


magnitude of — is valueless, the manner in which it varies vith varia- 


g tion in load can at le ast be pl aced to some use, as its indicates qui seit atively, 


if not quantitatively, the variation of the true value of Poisson’s s ratio with 


In justice to ‘the authors of the two Bulletins mentioned, it must be sti tated 

‘that they r realized the fallacy o of such figures and did not include them in _ the 

measured and computed | for Poisson’s ratio. Professor 
Talbot mentions inadequacy of the results. Messrs. MeKibben n 
"Merrill include the three as stounding values of 0. 82, 0. 563, , and 0.620, in their 


té ‘Fig. 7 gives several representative curves for the so-called Poisson’s ratio, 
derived from the one- -place lateral measurements. It can be seen 
increases with incre ase in load , but in no general manner. 


tight lines, whereas others are similar to the st ress strain 
for spirally reinforced ¢ concre 
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Equa- Ultimate Strain for Spirally Reinforced Concrete iv > 
at 2% P rofessors W ithey and T albot have made numerous direct mez asurements of of 

nerete the strain of spirally reinforced ‘concrete columns, sever ral 
fFect). | curves being given in Fi ig. 8. For obvious r reasons, the ‘ultimate strain 


\% | by be determined | pre 


later al measurements, even strains as occur rel the 


ing a of spirally reinforced concr¢ te. The shell has been ‘sheared, and the surface 

of thie 
Hinvis 


of —, 
crease 
h fin: 
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rofessor 


and 


(08 04 05 0 O01 02 08 
Possion’s Ratio | (4) 


conerete. is in a state of spalling. Such are not to good 
resulis, Nevertheless, observations: by such excellent technicians at least show 
Some the stress- strain relations to and near failure and ive good indications of. 
a-strain wlumn behavior at the point of failure. Several obser vations s show « ‘clearly the 
ange of strain at which maximum (ultimate) stress” was developed. ‘The stress at 
that point was a true mathematical maximum , the stress ss values for points « on 


7 
q 
ry and 4, 
84 
4 
| isnt 


_ curves passing through the point being less than the stress value at the poi 
, er values of the strain lesser and greater ‘than the strain value at the point, 
i Tn these cases, the ‘str ain was as s carried a a considerable d distance beyond the | strain 
at maximum load. It m may or may not be that the ¢ cause of the maximum 


Cylinder 2470 
Column 6680 Ib. 


Cylinder 2350 Ib, 
Column 7090 Ib. 
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1910|Ib. 
t Column 3660 Ib, 


0.008 O 0.002 0.003, 0.004 0. 005 0, 006 


in inches per inch 


4 
Bisseau in the str n curve was the stressing of the spiral to the 


_ yield point. | Referring to Equation (39), it will be noted that the second t om 
would remain practically constant, as — is not capable of any £: vveat 

increase, which it. would have to to increase the hole- 


il 
| 
= 


pomt 


point, 

strain 


stress of concrete; yet for the part of stress- e-strain 


curve e at the stage where the stress is practically constant for increasing strain, . 
er Ee may deer ease. In the case of a | decrease, the reaching of the yield point 


of the ral would show as a maximum on the: stress- strain curve of 


hee The set of columns of the von Emperger typ pe e described in the last | part of | 
Section I give an independent means of checking these figures. — The aa 


jron reinforcement i in these columns i is not stressed to its ultimate strength at Zz 
‘the maximum column strength. T he streng th of, or rather the load borne by, 


the cast iron can be computed as the difference between the ultimate ‘strength 7 


of the reinforced concrete and the ultimate column load. Having the cast- _ 
iron, stress-strain curve, the strain is obtained directly for ne ultimate. column 


strength, which is the ultimate strain for spirally reinforced concrete. 
- strain calculated in t this manner for the average of t the sever al columns proves 


to be 0.0034 in. per in., agreeing with the values obtained by extrapolation 

of direct measurements of the mI 


_ C.—Stress-Strain Relations for Spirally Reinforced Concrete 


determine the true stress- strain curve for r inforced concrete, the 


column should be tested without the p protective coating or shell. Tf the shell | 
is initially present, the course of the loading | presents | two phases which are 


interfluent, commencing at the point t where th the shell begins to fail and con- — 
tinuing until it has been completely sheared off . The total loss ‘of the shell | 


rarely. occurs, parts of remaining ‘even at maximum load. In the initial 
phase, the column and the shell are integral, but in the final | stage the shell | has 


sheared ¢ off i in whole or in part, and the column has an i indeterminate diameter, 7. 


‘Varying from that: of the spiral reinforcement asa minimum to > that of the 
original column as a maximum. Thus, the diameter of the column’ changes" 


during load, | and it is ‘impossible to obtain: the stress-strain curve from the | 


+ T he load- strain curve of the column with the ge shell is of the general — 
shape shown n Curve A Fig. 9. If ‘shell instantaneously 
- destroy ed at the ultimate strain of siennleitheailt concrete, the load- strain curve — 
for the e column w would have the shape of Curve C, Fig. 9. This ty pe c of curve 

would result in ‘the case of instantaneous failure of the shell, because after 7 

‘such failure, the core would be supporting the load had been 
. The net result of such failure would be to — 

inerease ‘the strain w ithout the application of additional load, resulting i in an 

action similar to that of steel at the yield point. From the en strain curves — 

obtained from tests on columns of this type, which do not show any indication 

of the marked changes of direction, it is proved that ‘the shell fails gradually. 
ie a column, without a shell is tested, a curve of the g general form of ‘Curve 


BYE ig. 9, will result, the break i in the curve setiad more sudden, and with no 


ultimate strain een 0. 00165 0. 015 in. per in. 


to ‘the: 


| 

| 
| 
| 
| 
ime 4 
| | 
y great 
| 


f “such sweep as that _— in the region, a to b, Curve A, Fig. 9. 


‘bend of the stress-strain curve has been seen as an indication = the weakne 


this type of column. Th n, 
shows a much curve to what ‘might be termed ‘the ‘yield 
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0.010.015 


of measurements by Pro- 
‘me Withey and Talbot give values of the 3 90 00 Coe 


ors 


point, b, Fig. 10, or the a the yield- £ 30 000 


point elongation for steel wire. The lateral 3 


10 oo 

strains for this type of column to the failure § octet +4 1 


of the concrete core are, of necessity, | equal Strain in inches per ine 


to the strains in the reinforcin wire. This Fia. 10. 


shows that in every case the s spir al was stressed at the most to yield point, - 

frequently, much less, when column failure or maximum load occurred. 
failure of the column is due to the failure of the concrete, and not to the 


aS —Method off the Spirally Reinforced Column 


F rom. Equation (40) and a column stress-strain curve, the 


values of E, for strains beyond the ultimate | strain of unreinforced | con 


be calculated with fair accuracy. The unknowns in the equation are 

E.. Al ‘the other quantities in equation, either directly or 
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irectly, have been measured with accuracy sufficient for the — o The 
¥ 


column, alue that —— assumes at the ultimate strain of unreinforced concrete hia 
he yield 


be “between the of (0.2 25, and 0. 0. 50. is theoretically i fo 


to ‘be, greater: er than 0.5 and it must be as large as as 0. 25, as shown by such read- 


ings as have been made and by 1 the indication of future action. Any value of f 


within this rai range, substituted in (40), gives nearly the same 


“valu for . the effect on E, of the variation between these lin 


m 
small. Therefore. is determined with: accuracy and — 


f 50 
range of 5 per cent. 


‘Using in Equation any conceivable and possible simultaneous set of 
for the variables’ within: the range that it has been sh possible. for 
them to ) have, | it is impossible to obtain a computed value for the stress in the 
spiral reinforcement of more. than the yield point. Observations also show 


that, at the maximum column load, the spiral at most is stressed to the yield 


Assuming equal» to 0.5, the value to greatest valt alue- to 

e Pes wl the values of E,, or e, Ey, as obtained by Equation (40), it is found 
that, for a longitudinal strain of 0. 01, Equation (41) gives a much lower value L 
to p, than was determined by Equation (40) which strain is known to be true. | 
Substituting 0.01 as the value of the longitudinal ; strain, and « every measured 
or possible value for the ‘remainder of the variables in | Equation (9), always 

leads to the same result, that i Lis, a calculated value of p, much less than the 

known measured value of ; Ds or its value calculated from Equation (40). tetas 

is proof that it is impossible for a material having any 
whatsoever to stress the ‘spiral beyond the yield point, no matter what that 
value may be, ‘if it is more than a minimum of 35000 Ib. per sq. in. It is 
known, however, that compression of reinforced concrete columns eventually — 
ends in the breaking | of one or ‘several of the spirals. This means that . 
load is transmitted through a a concrete that has commeition different from the 
original whole concrete. . The change in the concrete may be accounted for — 


a—The ‘conerete becomes: a perfect fluid, transmitting the longitudinal 
“compressive stresses directly to the spirals. this’ hypothesis v was true, the 
=a -strain curve of the column would en a great drop in the load at the 
point at which the concrete became fluid. _ Observations do not show ‘such a a2 


drop, ‘thus ‘proving that this is and t that at the concrete does 
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stress after th the concrete had ceased to be intact. | Such shearing would result 


in local stressing of the spirals in the shear plane. The breaking of s several 
turns: of the spirals at points directly under each other bears out. the 


at 
hypothesis. his the only possible explanation of the failure of spirally 


reinforced ‘columns. It is to be noted that the breaking of the column spir: als 


in tension is ; only an an inconsequential | -anti-climax and i is without importance. 
Observations | on | the tests of the von _Emperger columns showed that the 


spirals, failed after the maximum load had been applied, the ¢: cast iron break- 
ing finally. us Cast. iron fails at ‘a strain “of about 0.01 in. per in. To cause 


failure of the ‘spiral, a strain 1 of 0.25 in. per in. is 3 necessary. Pera a perfect 


fluid the longitudinal strain necessary to produce a strain in the spiral of 0.25 


> would be 0 0.5. As concrete, even at the ‘ultimate spirally reinforced strain, is 
not quite : a _ perfect fluid in the limiting e case, the longitudinal strain necessary 


to cause the failure of spiral in tension would be at least 0.5. % The ultimate — 
‘strain, however, of cast iron, , which i is considerably greater than that of spirally ; 


‘reinforced concrete, is only 0. 01 in. ‘per in 
ods That the failure of the spirals i ina column is due to an initial shear failure 
in the | concrete is borne out by the . fact that test columns after failure show 


a general shear and crumbling i in the plane of the tension break i in the spirals. 


thy 


At all points throughout the axis of the test column, the concrete was strained 
beyond the ‘ultimate of unreinforced conerete, although, after testing the 
concrete column, concrete will be sound, except where spirals h: ave 
‘The: two columns, described in Bulletin: Jo. 466 of the University of Wis-_ 
consin, | of § strong conerete (about 4 900 Ib. per sq. in. ), show clearly by their 
-stress- strs ain diagrams” that failure occurred in the concrete, stress- strain 
Baroni being made to maximum load. These curves are almost straight | 


lines, and show no inclination to change direction before failure like the 


of lower strength, similarly stress computed from 
measured strain. the spiral gives s only about 12 lb. ‘per ‘sq. 
a load just under the maximum. It appears impossible ‘that ‘the stress 
strain curve should suddenly - change its direction at right angles, or r nearly $0, 
just prior to failure. This would have to be the case if the 5] spir rals were the — 
cause of the failure. Ww ithey concludes from observations that the 
- failure of these columns was due to the failure of the concrete. Beene ty 
Modern compression testing ‘machines apply load by means of increasing 
= Consequently, in a test of a column to destruction, the of the 
phenomena i is a altogether different in some > phases from that which would | nied a 
if the load was applied directly by means of weights. One great difference is 
in the time. vi! It | has been shown that in the spirally reinforced column the 
eonerete fails. first and shifts the load on the spirals. ~The means of increasing 
the load in the testing machine is the application of more strain, which is an » 
exceedingly slow process, especially for the very large. strains necessary to 
cause breaking of the spiral in a column of the type pe under consideration. AD 


= of perhaps 15 min. would be required to accomplish | in the testing 
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be shifted to the spirals the instant the cor crete failed, the shortening 


to 


7 ing 


uld 


rapidly, the spirals failing, and the column, ‘as a whole, collapsing. 


Cre 


ah 


_1—The inerease in of — to spiral reinforcement 


limits of 38 000 and 115 000 lb. per sq. in. 


‘on (b) he ultimate strength of ‘the spiral 
600 000 and 150 000 lb. per ‘sq. ‘in. 

2.—At maximum column load, the spiral is stressed to some 
limits of about 18000 and 90000 Ib. per sq. in., , or to the. yield-point stress 
‘ifit is less t than 90 000 Ib. per sq. 
8.—The failure of the spirally reinfore ed -conerete column is “caused by 
failure in 1 the concrete itself, by erushing, shearing, or a -eombination of 


both. ve a corollary, | the failure of the spirals in tension is not: related to 
the column failure, but is a phenomenon beyond this ‘point. 4,09 


increased strength of the column is due to the increased 
of the concrete itself, because of the lateral restraining action of the spiral - 


thy: 5.—There is an upper limit to the strength of the concrete that can have -_ 


its strength increased by the use of spiral reinforcement. — 7 Beyond about 4 000. 
Db. per sq. in., the i inc rease in strength due to spiral reinforcement diminishes | 


rapidly with that of ‘the unreinforced concrete, until about lb 
‘per sq. in., ., the strength of the concrete is not appreciably increased ed by the 
addition of spiral (by E quation and also 


te. fis 4, «ll os + 0.573 74) 


= the ultimate of the reinforced 


For a oka of any length, the . strength | of the. reinforeed ¢ concrete is: 


27 1.00 + 0.573 r, 1.000 — 0.0178 
in Which — is the ratio of length to diameter. 
Longitudinal reinforcing rods add ‘definite strength to the column, 


Approximately 32 000 Ib. per 8q. in. of rod ‘cross-section, the value depending 


on the length of the column. The strength including that the 


i 


= 1.20 [a- 7,)(1.00 + 0.5% 73 Se 
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= SECTION III RELIABILITY 
The knowledge of the reliability of the physical idesiilii ofa 
is | indispensable i in | engineering design, being equally as important as the knowl- 


edge of the ¢ aver ‘age values of such properties. The most important of hie) 
"properties ¢ are ultimate stress, 3 yield- -point stress, or other salient property of 
the stress-strain relationship, hardness, resilience, « ete. e. The only properties 
of the material or ‘structural element discussed in this p paper are 
of ‘the strain ‘relationship, endurance Timit (stres), 
continued load stress, resilience, ete. Other sical properties, such as the 


--Tesistance to wear, are unimportant in this consideration. 


+ 


The reliability not only of of the pr operties of materials but ae of built- Up 


“units is of the utmost importance, as t ‘that ¢ of the > property of | the final structure 


or structural element is the « object sought. ‘The reliability of the property 0 of 
the material is of importance only because of its influence on that of the prop- 
of the structural element into which the material enters. 
‘The allowable, safe working stresses, or the fé factors of safety, are surely 

- functions of the reliability of some one of the s strength functions of a material 
or structural element, and should be deduced | with a proper consideration of 


the: affect of this reliability. — _ Committees appointed to determine the safe and 


allowable. working stresses always give great weight to the reliability, or more 


y; lack of reliability, 0 of the strength ¢ of materials, especially for such 
materials as cast iron and concrete, in which the reliability is very low. ‘Tf 
not explicitly considered, R is unconsciously taken into account with 

7 instinctive knowledge Ww hich is, or should always be, possessed by those whose 
duty it is to draw v up and revise the ‘specific: ations for r working: stresses, Never: 
theless, the reliability i is never given the consideration it deserves. Even when 


cognizance ist taken of of the reliability and an attempt is ng to allow for the 
lack of it, such attempt is made | in the erudest manner. _ Objection will | be 


proper 


“which results i ina in 1 the allowed working ‘stress to provide for 


ra poor reliability. ee Although accurate results sometimes are obtained by thus 


7 using the judgment and intuition of those long familiar with the materials, 
-. 4 _ this method is equally as likely to result in huge errors. _ Wherever possible 


q it is being supplanted by the correct method which omits the personal equa- 
~y tion and permits the results to be obtained mathematically from measur surements ts 


‘ by any of a skilled number of experimenter: 


Technical literature contains frequent t reference to reliability, 


7 but. alway s in the vaguest manner; it is never expressed ‘numerically ot 
4 even in definite terms that would afford a means of comparison b between the 
“reliabilities of the strengths of two materials. ‘That the strength reliability of. 


steel o1 or fabricated steel structural elements i is high, and that: the strength reli- 


z 
however, 
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able of limited application, especially in the determinaticn 0 : 
=m the influence of the reliability on the working stresses to be permitted. What 


‘OLUMNS 


of the relative reliability of two si 


ment, or of two materials that gave for test specimens of 100, “140, 


150, 160, and 200 for five specimens of the one and strengths of 110, 120, 150° 
180, 190 for five test specimens of the other, the average 0 both being the 


aenat ‘Although reliability may readily be > intuitively perceived i ina general 


sense, yet when yefinements enter, the determination by intuition can mn readily 


be seen to fail completely. 

7 How ‘is the strength reliability of materials exhibited 2 Is cast iron an 


- unreliable material because of the suddenness and violence of its failure? 


Quebec Bridge w as built of the most reliable - material known n, yet, between the 
- first indication of failure and complete failure, so little warning w ‘as given that 
+ was valueless, either to prevent the failure or to enable any of those on the — 
I 

bridge to escape. is true that this was an unfinished structure, but 
failure of the finished structure occurred, , due to innumerable possible causes, 

it would have been just as sudden. - Spir ral and rod reinforced concrete is 

regarded as having more strength r eliability than unreinforced concrete. _ Yet, 

subsequently, it is shown that spiral and rod reinforced paced a unrein- a 
_ forced concrete have practically the s same reliability. Owing to ‘the careless 


methods of fabricating the  eonerete and also in checking the strength « of 


‘more as a of the strength ‘of the column, ‘namely, ‘that 


the ‘concrete, is lowered, by the conerete of inferior ‘strength. The 


ral and rod reinforced “concrete requires a comparatively long time for 


‘sesses greater mer can withstand shock much 


‘the statie load that would cause the spirally reinforced column to fail would 


eause that failure to occur instantly. Evidently, then, the suddenness 
violence of the failure or the length of time required for failure to occur in 
the testing machine is no indication of the strength reliability of the material — 


--Reliability i is a ‘measure 0: of uniformity, and, can be measured by 
means of the variations of the individual s specimens from the mean value of the 
Magnitude of whatever property of the particular object that is under consid- 
eration. T he process of determining the reliability for a specific case “theo 


etically would necessitate the discov ery of the law of the manner of the vari- 
ations. s. Although research to determine the manner of variation is to be 
expected, such knowledge is not imperative. The v variations may safely, be 


‘ 


assumed to be identical with those given by the e standard error function. 


‘From observations of | the variations ‘it is nov now possible to ‘compute, by the 

theory of. probabilities, the value of the property under consideration, which 
7 will be exceeded in all, ‘eases. This may be stated as the ‘value which. will 


ceeded Seal in all but an finitesimal number of cases. To illustrate the 
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application, i ifa material has a mean strength of 2 000 Ib. per sq. in., and a reli- 
_ ability y number « of 0.75 5, then every — made of this mate al would sa fely 

stand a stress of 0.75 59 


and development of the is subsequently, 


. Whether the desired result is a simple x measurement of length, or the tem. 


_ perature of the sun, no two observers w ill arrive eat the same measurement of 


desired quantity, will the same observer be able to obtain in suc 


ion the same numerical result. 


There is no such quantity as ‘the ‘ “true” wien but it may | be taken as that 
value of the quantity. determined by. the most refined means and instruments” 


‘possible. Mach, Pearson, cand ‘others have proved that all things are rela 


tive, thevebeve. any measurement is relative, bein a com arison of the obj ec t 
with a standard. The property of the object measured did not exist—the 
reality s the measurement or comparison. The ‘property cannot be 
“separated from the object. 


Ing gener ral, , the variations in results are due to possible difference in met hod, 


‘we personal equation, which enters perceptibly when the element ‘of time i is 
operative | or a distance must be estimated, ete. ., difference due to errors in ‘the 


used, to uncorrected effects of light, temperature, electric and mag- 
netic fields, , atmospheric influences, all of which, in most cases, ‘eannot 


Bevteeteeniry except in the most refined experiments, ard also those possible dis- 


curbing factors which as yet are unknown. 


By making a large number of observations, using several methods, and 
having observations made by several observers” and obtaining the average, 

_ obviously, a result much more accurate will be obtained than any single. obser- 
vation in the group. a he errors or variation of a any ny result from the true v value 
— will as |] likely be positive. as negative, therefore, the sum of a large number of 
errors is so nearly ze that the differ ence can be neglected. "Therefore, the 


averaging of a lange number observations automatically eliminates the 


other than to keep the air saturated with moisture during the first week after 


making the specimen, and to keep the specimen at approximately room 


The strength of conerete will be affected by the various errors 
the machine in which the concrete is tested, « and by the method of mixing it, 
_ Accidental eccentricity | of loading and rate of application of load will case 


7 "appreciable variation in the apparent strength. - The thoroughness of mixing, 


percentage of w: water “used, variation in the average size . and grading, and ‘the 


strength of the “coarse aggregate, all tend to strength th of 


any composite up structural element, nearly coincide 
= relationship with the « errors of observations 2 as given by the well- known 


error function” formula. The variation in strength of such a material as 


= 


In testing coner rete, no attempt is made to correct for "atmospheric ‘effects 
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during fabrication) would cause differences i in strength, 
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rolled wet is ae as apparent a: as it is in mat terials such as cast iron and ~—_ . 
crete. This. strength variation. may be viewed : as the result of the effort of : 
the internal components, either m microscopic or macroscopic, or of the magni- — 
tude of the aggregate of concrete, to arrange themselves according to some 


average scheme; the change i in ‘arrangement (the : arr angement being ere 


“4 
he formula. describing. ‘the manner in which errors occur as 


a century ago, has been substantiated by repeated experiment for 
the errors of observation and like cases on which the original hypotheses for 


developing the e formula were based. £ xperiment also shows that the variation 
in stre ngth of individual | test specimens. from the m mean or average value of 
the strengths of those test specimens, follows, as nearly as can be ‘expected from 


the large magnitude of of the errors and the relatively small number of specimens - 

tested, the general ‘equation. The so- so-called “error function’ ’, which mathe- 

matic cally deseeibes the possibility ‘and m agnitude of : any error is a function 


relative probability of the error, 2, occurring; 


‘constant, also the | intercept or ‘the relative probability of the 


and a have the usual significance. at an 


or, n, expressed otherwise, the t total probability is arbitrarily established as unity. 


Pl lotting a large series of observ: ations, the abscissas representing the error 


or variation of. the individual ; specimen or reading from the mean or average 7 
value of the obs rved quantity, and the ordinates the number of observations — 


that were e made having the same error ‘equal i in magnitude to the value of the 


q ordinate, a a curve of the same general contour as that given in Equation (44) 


is obtained. By a in the constant to make the integral, ydv=1 


the: theoretical curve is nearly obtained, the experimental ¢ curve for various” 


— not coinciding exactly with the theoretical one. | The: necessity for a 


@normous number < of “observations in 1 order closely to approximate the 
_ Tetical curve is usually the main reason for the lack of coincidence. pear eens 


The y value of the constant, h, ean also be algebraically, determined from the 
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we with only a slight general exception.. 
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se = the number of observations; 


the | variation of the individual observation from the mean 


The variation the ultimate stren, th 


of a material obeys | or follows the laws. 


fS 


The standard probability eurve extends tos. 

‘infinity in the positive and negative. direc-2 
‘tions. That the strength of a material canz an 


be less zero, however, | absurd. iy 


same ‘probability. curve D | will be a 
 funetion between O and D, of ‘shown ir in the in exaggeration, 
i is such ‘that, 


a The difference between results ¢ from Equation (46) and Kqua- 


(44) is ‘small, ‘80 so that, the general or standard formula. and prob: ability 
tables maybe used. 


"= ‘The probable ; error is | defined as s the value that is as likely to be > greater 


than the real error of the result as it is to be e smaller. This can | also be 
: The probability of the error of the result being ese than the prob- 


4 “able error is equal to to the probability of = error of the result being — 


The probable error is determined by equation 


the mean of a number of and, * nis 


for a single observation. — That is, Equation (47) gives the probable error wit 
the arithmetic ‘mean of several observations, and E cquation (48) gives the 
probable error for any one observation, wh which ‘may be one of the obser vations 
a The probable error, R, although an i inverse measure of the reliability, d 
capable of no application in the present t consideration, and further considera 


tion of the error function is necessary. The fundamental 


— aa 
i 
| 
tt | |_| HH 
"material, and the strengths of the speci- 
mens and the percentage number of s 
: 
| 
| 
| 
i 


of mean 7 

ill be the 
‘different 
eration ation, 


obability 


> greater 


also be 


he prob- 


lity, is” 
sidera- 
mental 


REINFORCED CONC 


00 


in n which, i is any value of the error. or variation connected by a 1: 1 rela- 


from which, 


probability that the ‘error, v to the: value, 


> 


0 


+ 


is probability that error, % will be exceeded. 


t ea can be > determined assigned value of or (1 - 


Cm 


4 2.10 t 0. 6745 
00 — 


|* 


4 We 


= 0, expressed | in percentage of Ln 
is now necessary to determine the value of 80 possibility. y of 


being ‘exceeds small. factor, 1. 000 - 


‘this value of t will be termed, ‘My e reliability number. can also be 
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dined as ad ratio of the value - the variable which | will ain be « exceeded 


‘Fig. 12 ‘gives: the graph of 1— — P; and t within the range of 


sau 


" in this analysis. ‘Mathematically, t should have the value’ of ‘infinity 
to give 1+P, the value of zero, but the selection of the value of ‘wt t for use 


depends on. the final application of Ny, 


“bility n number, this application being the determi- “7 RS 
nation of the safe working stress. It i is known that: 


there re are certain causes producing the variation ing _ RELATION OF 
(I-P;) AND t 


‘this variable is ‘én ultimate strength of conerete 
5 
reinforced concrete, severe loss of. strength | due tos 
these causes greatly aggravated, such as voids, drain-¢ 
ing of the fine | aggregate and 1 cement to leave only = 
_ the coarse aggregate in place, will result in an ap- 
pearance of the will cause it 
to be rejected.” is | not necessary, ‘therefore, to 
“assume ‘too minu probability. The minuteness 
of the probability of the strength value of the vari- 
able being inferior to that ; given by the substitution 
of the assumed value of t need be minute. To illustrate the im- 


“that, in a “unique case, , all ‘the may not be omitted from mix, ora 


“substance incapable of producing any strength whatever be substituted. These 
we very improbable accidents give a concrete of zero strength, yet . 


their o occurrence can be made to be without ultimate danger r by taki taking test . 
specimens from every batch of concrete. 


In the present consideration, no direct conception of the ‘relative 1 magnitude 


of the order of millions, or of the necessity for relatively absolute safety, is pos- q 


e comparison or other n means be used | to ing the 


fr om dente of the normal man. Caletations show that the chances that 

; a enews being will die within 10. min. of any predetermined instant is is 1 in 

10 000 000. This: probability will be accepted as perfect safety and is synony- 


with infinity. problem may also” be regarded as the determina-— 


tion of the value of the reciprocal o of the probability (1— P,), which i is ix infinity. “ 

A similar problem is that of the e number of repetitions of stress that n may be 

- considered as 1s infinite, or which will be sufficient to cover the number of repeti- i 


tions received by a component material in the life of a ‘machine. . Values | of 
“infinity have been suggested* for several ‘machine and ‘structural elements 


greatly with the use. steam turbine shafts, the given valu 
000 000 000, for railroad chords it is 2 000 000. 


_ The probability of 0. .000001% will be almost surely accepted as being com 


win iy. 


pletely ‘satisfying. Suppose, however, that this probability is assumed as 


| 
— 
| 
{ 
= 
= 
al Engineering, 1919, p. 
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necessarily small, that a a comparatively larger probability value, y; 0. 0.00001%, 
z chance in 1 000 000, or 1 chance in 500000, is sufficient. ie Comparing the | 


S values of ¢ (with the reciprocal of which the working : stresses are roughly pro- 


for these two probabilities, there is: 
Probability: 


rr 
in 1 500 000 . 


in 10000000 368 
Only one-tenth the safety is obtained by a decrease of ¢ of 81%; ; by an in- © 


crease of 10% in per missible strength only one- -twentieth the safety i is obtained. : 


| 


| 


‘These slight increases in working s stresses, with the accompanying la large rge de- 
~~ in safety, can only lead to the conclusion that the value of 0.000001%, | 
or 1 in 10000 000, for the probability should be chosen as the basis ad the safe 


yaw — — 


* 2. —StTRENGTH OF STEEL AND DETERMINATION OF RELIABILITY 


‘Tt must be noticed that the v variation in strength developed by several 
_ specimens is not necessarily a measure of the reliability o of the composite 


element or material i in | question. Wh Then a factor enters, the variation of which 
causes variation in the strength of the material and there is previous knowl- . 

edge of the effect of this factor, or. ability to control it, then the variation - 


in strength due to the factor is not due to | any unreliability of the material 


itself, and can be separately determined and discounted. 


ake the example of steel i in “tension: : The variation in “magnitede of 


aie 


the carbon content, of steel causes the vary satly (other con- 
ude 
| Low-e carbon steel 


ultimate of about 5 55 000 per sq. in.  ‘High- carbon 


manufactured with an ultimate tensile strength of 150 Tb. per sq. in. 
Tf no consideration is given to the carbon content of a group of wires selected 
random and tested, the logical conclusion, on the determination of the 


_ strength reliability, wo ould be that steel wire is very unreliable. However, 


‘if the carbon content is noted, one perceives that the strength is a Soneton 
the percentage of carbon in the steel, and by arranging the \ 


h having the ome carbon content, it can | be seen that, for any gr group, 
the | strength is. very” uniform. determining the reliability number for 
each group, it seen that steel is a very reliable materi ial. The treatment. 
steel receives in fabrication: also varies” strength, but for similar 


2 carbon content, usually the same treatment is given in the case of reinfore- 
Ie 1s ing wire, This discloses the importance of determining g, as far as” possible, 


factors that cause variation in strength, both to eliminate weaknesses 


nat they cause and to eliminate their effect on the apparent reliability. 
able 10 give es the reliability number, N,., for the various types of columns a 


analyzed in Section I, and also the product ‘of | & and the ultimate = th, 
which will be the maximum safe stress of one application of load. ie 
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Casual inspection of Table 10 will show what experience a 


way proved; steel stands | first in. ‘reliability, far superior in this respect 
a concrete or cast iron. The group of columns depending on concrete for their 


main strength show close agreement in their reliability numbers, which 
‘mutually shows that the premises on which the formulas in Section T are 


must, be correct, and the vari iation in strength 


Product. a 


and ultimate 
29 400 
7 


Concrete and spiral........ 
Concrete rods and spiral,.... 
Concrete unreinforced 
Cast iron........... 


 * Net ‘Strength steel in compression equals yield- -point stress or about 35 000 Ib. " 


The von Emperger type will be ‘more fully considered 
_ ¢ Ultimate stress of concrete < Nr for concrete of 2500 Ib. ultimate strength. | 


§ Varies greatly with percentage of reinforcement | and concrete ete strength. : 


of. the “east- iron specimens not 


finally of this of column; it be ex plained partly by the 


fact t that the cast-iron specimens tested were regular commercial s ecime omy 
4 
inst" the “pre ed laboratory specimens of concrete, and, 


ori rials 


cussed, latter affect could hi: eliminated by basing the strength 


of cast iron on n-small test ‘specimens: from, the same e pour; bi bat, unfortun: 


“these sir 


made in 


"The gat as beer ‘termined from the ultimate 


for ‘the group of test ‘ination of that: number for the 
signe of a new structure, however, would necessitate -the testing to destruc- 


tion of a number of | the group, which i is an impossible commercial proc edure. — 
Test cylinders of the concrete composing the columns must form the basis for 
4 


the determination of the reliability number for the column. — el he variation in 
_ strength ‘of concrete in test cylinders and in a column of unreinforced con- 


is not identical. To obtain the N for the reinforced column from. 


concrete te test cylinders, te ratio of the N, of test cylinders to columns (x ein- 
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a IV _ ALLOWABLE WORKING STRE SSES OR FACTORS © 

for their OF SAF ETY 


whieh 
Methods of m: lca ve analysis of the stresses and strains | in any con-— 

‘ceivable type of structure have already been sufficiently developed ‘so that, 
for any theoretical structure (perfect i in dimensions, composed of homogeneous 

“materials: having “str raight- stress- str ain relations, ete. the stresses. 

‘strains every point in ‘it for any possible application of load can 


‘determined. he hypothes 1eses, that plane sections remain plane in 


1 is dies 


is not 


— Ny. that FH, the modulus of elastic tity, is constant, assumptions of general applica- 


tion, and those u: ed in special ‘eases, as for dams, that horizontal sec — 
“move frictionless on e each other, ete., by ‘means’ of which calculation of 
and strains are made possible or greatly simplified, are, in most 
660 part, , only close approximati ons, frequently giving results “of 
“magnitude. Their use, however, always gives ‘magnitudes: for the variables, 
will not be exce eded at the specific point in the structure by th the actual” 


» 100 


Contrasting with the complete development of the methods of mathe- 


‘matical analysis “of the stresses: and strains in a struc ture are the « 
‘methods | used i in the | determination of the stresses” which 

withstood by materi ‘or composite structural ¢ elements, 
“tion of the variations of the actual stresses from the theoretical for each > 


the structure. As is 


point. in the material or structural clement composing: 


i usual with an undeveloped branch of investigation so ‘in the determination 


of the working ‘stresses to be allowed, extraneous factors included as 


d, also, entials in 1 the consideration, ‘no systematic procedure has been developed, 

on, the and the whole subject i is vague and indefinite, clouded with er engineering super- 
ntorials: ‘stition, such as the belief that repetition of stress (fatigue) causes erystalliza-_ a 


re angth ‘og The | present ‘allowable working s stresses are based primarily on experience. 


mately, ‘Tf the original stress: was too small, the resulting failures, in. the ‘course 
e > been tir time, cause increase ‘in the | factor. It seldom happened that the stress: 

) ee. ‘was made too small, the common ‘occu surrenee being an allowance much too 

clurge, which is slowly reduced to the point where 1 minimum strength with 
engths J Safety is found. Undoubtedly, th experience method eventually produces 
or the ; pod results ; but it is rather dangerous and is is exceedingly slow, tedious, and > 


4 

costly in operation. Ww ithout the testing machine, the experience, or trial- 

and- error, method is the only one possible. There: is no longer an excuse 


sis for using this antiquated method. W ith the wealth of new materials, 

tion in Si ials made by new and r refined processes, and as a. check 0 on the strength © 
d con- to be allowed those materials: the strength | of which constantly varies with 


| from . the o output, , there is urgent need for a short method of determining + definitely q 


estruc- 
ced ure. 


‘ allowable working stresses dir ectly from the results of tests made in the : 
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met 2. —Derinition OF THE Prove EM 


strength 0 of the structure loads ‘eet it. will varry is af 


function of the stresses i the the strength of mate ri: 


n 
ure in v 
a the safe structure necessitates of the 1 maximum en ‘that 

the “material at t any de "signated point or individual structural element. can 
—earry with safety, and, also, the geo of the maximum stress that the 


strueture, due to all the iations anc id imperfections 0 of. the actual structure 


and its “component materials and elements from the theoretical and perfect, 
together would i impose on that material | or individual structural element. ; The 


loading which would cause se the maximum safe stress at any point in. the 
structure, would. then be the maximum permissible loading on the struc ture, 


and, as a coroll: ary, the maximum permissible loading would cause, at most, 


knowleds 


safe working stress at any point in the e structure, 

he determination of safe working” stresses, therefore, does not involve 
d 


etails apart from the material or stirectenel deci the safe stress of which 
is desired. The safe stress of concrete in compression is independent of 


everything except the ability of that conerete to resist | an infinite number 


of — of stress of the magnitude to be ‘designated the safe working 


we The problem of ascertaining the ma; iximum stress that can be developed in 
each” particular member of a structure by th application of load, is one of 


design independent of the consideration of safe mapa ind ‘should he so 
eonsidered.. The structure should be designed so that: with and all 


possible imper fections, mishaps, ete., the maximum permissible. or designated 
. loading on it will cause, at most, a stress equal to the ae ee stress. 


Increase in the factor of safety, a result of including too many and ex- 

 traneous factors, does not. incre: ased safet y- Human nature is such that 


in in the factor of safety leads to ine creased risks in loading and mue 


over- ‘loading, with the result that the tots al imposed load will 


becomes, as as an overload of 100% for a. factor of 2 is judged more ae eur: ately 
than an overload of 900% for a factor of 10. -¢ Sonsequently, all influences 


tending | to ‘increase e the ‘factor of safety should be eliminated, if possible. 
—PRE sain NALYSES OF THE PROBLEM 

rofessor Talbot’ contends that the working stresses aul working ac 


tli of uniformity of material, variation in material and its 


—Increased deflection due to: (a) repeated load; and (b) time load. 


= 8. —Uneven distribution i in load : among members. 
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Talbot also” gives” the following a important in the problem 


the stress actu: nally upon a member of a structure an 


-isumed loading may be materially higher than the assumed working stress, and — _ 


erial or 
design 
design 


agg that 
ont pe 


hat the 


ructure 
per feet, 
t. he 
the 


ruc 


t most, 
whieh 
lent of 
number 


oped 
one of 


1 be so 
and all: 


ignated 


ind 
ch that 
‘much 
bear 
larger 
ructure 
ura ately 


ossi ‘De. 


fact 
nd its 


e load. 


(b) the stress actually developed in the member may be much higher com- — 
paratively (i. e., with respect to its own ultimate strength) than even this 
increased amount would indicate. * * * What point should be fixed upon 
a3 the basie point, upon which a w yorking factor covering uneven distribution oa 
of load, uncertainty of effect of repeated ete., n be based, 


gree 


410, . as a point [that is, a basic stress in the -deter- 


mination of allowable working stress} * * * the choice of a 
value corresponding toa deformation equal to one-half of the deformation — 
at point of failure is suggested. This [stress] by the parabolic relation, is 
equal to three-fourths of the ultimate strength. | Having selected a basic 
point, a working factor will then be. chosen to cover contingencies 


emergencies, * rs wit methods of fabrication, nature of the load, manner of 


application, ete” 


The whole problem may be censured because of indefiniteness and the _ 


inclusion of too many independent factors, many | of which ean be treated 


_ ‘As a base stress on which to derive the working stress, the figure, three- 


tli of the ultimate stress, can have no other basis than intuition. — Tt 
has been. shown in Section III that, to allow for the ‘usual variation in the 


trength of concrete, one- half the ultimate strength must be u used to insure 
safety. ® 'rofessor Talbot leaves us about where we ‘started v when he says that - 
this asic stress must be corrected for contingencies and emergencies, nature 

of load, ete. The’ problem has” only been begun | at this point, ‘The usual 
method of £ solving it is to keep in mind all the factors i ‘influencing the problem, - 


Make 


to » meditate gravely the « question and, ‘then, j announce with the conviction of 


infallible intuition, that the factor should be This. method may be. 
vineing _ metaphysical ‘speculation, but. ‘it is much out of place in the 


rofessor Talbot's items: may be separated into: Hake. 


A —Those ‘quantities which influence the : stress actually produced in any 
particular member of structure: ‘Uneven distribution load among 
membe TS, unconsidered stresses ; due to settling, unevenness in the 
stingencies and emergencies unforeseen, methods of fabrication, « ete, 


B.—Those factors ‘that influence the actual (safe) s stress to be permitted 
in the ‘material | or structural element : as in the structure. These factors are: 


A—Lack of. ‘uniformity. of variation in material and in its 


9 Increased deflection (preferably strain) due 1 to: {ay repeated loads; 


—Uneertainty of quality, effect ‘of repeated and all 

which: solely influence the ulti ate strength or safe stress 
which is to be imparted to the material or structural element. 
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——— in material has been plneed under both Items A and B. It must 


~ considered twice, as it « causes variation in the stress actually in a given 
member, and, also, in. the ultimate strength of ‘that member. Variation in 


strength of one member 1 may cause a variation in stress in some other 

‘gu As previously stated, the ! items referr red to in Item A are iii of design 


a and should not be investigated in consideration of the working stress. A 
volume of concrete has the ultimate strength no matter where 
is placed, and it should be permitted an invariable working stress. * ts 
in the structure does not. change its safe stress. 
The net result of the lack of uniformity and variation | in material m may 


be measured with precision by the reliability number, as demonstrated in § * 


ao 


a @m 


Section III, and allowance made for the effect of the variation in strength. 
Fi The variation | in fabrication ean be dealt with in two ways, each of which 


will give = results. h The first and best method i is to take test specimens 


on the work a a check on the \ workmanship ‘and leave no variable for this 
penton geen will b be, therefore, no need for introducing a a factor into the 


allowable w working stresses to provide for the variation. ‘The second method 
is to determine the ratio of the strength of the “specimens made in the 
laboratory to those made in the field. This ratio will then give the field 


strength: of ‘a certain aggregate, laboratory specimens are made from it. 

excellent: series of such tests is described subsequently, which give | 
valuable results. ‘Tee can now be seen that the “uncertainty of quality’ and 


« 
7 “variation in material and in its’ fabrication” can be eliminated. — 
_. The three items of uncertainty and v ariation ‘mentioned have, in effect, 
only one net result, namely, the variation in strength of the material in the 


structure. . This may be due to uncertainty of material, an ambiguous term, 
to variation in strength due to, fabrication , and © in differences in erection, 
such as the treatment during the preparation of the concrete, or the erection 


of the structural steel. % ~The variation in strength due to fabrication can be 
eliminated, as ‘the material to be used can be tested and its strength and 


_ other properties determined before it is incorporated i in the finished structure. 
Tn design, | a certain fabricated strength | is specified, and the material as 


delivered to the work -must possess. this ‘strength as a minimum. ‘The 


variations | in strength of the material in the finished structure—the mot 


wed 


important item—has been discussed in Section TIT and will 


Messrs. -Turneaure and Maurer* give the following | governing the 


lection of the allowable working stresses: 


Variation and imperfection in material and workmanship. 
On ‘Uncaleulated stresses, such as secondary stresses due to unequal 
— gettlement, and, usually, those due to temperature change. _ 


_ # “Principles of Reinforced Concrete Construction,” Second Edition, Chapter V, p. 208, 
No mention of the subject is made in subsequent editions, the authors evidently leaving “ 
matter in the hands of committees of the proper engineering — 
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yynamie effect of live load if not provided for by an allowance | 


Possible increase in live load over that assumed, or rare applica- — 


ure. 


These items are importa nt in proportion to their 


No further use of them than enumeration makes this mention 


superfluous. In this instance, the statement of the items seems to have been 
sufficient, for later in the book, without any further reference | or application 
of them in the intervening pages, the allowable working stresses: for a « a concrete 


column reinforeed with vertical rods is determined by “taking” an n ultimate = 
stress that. can “reasonably be expected for such a column, and dividing 
this by an arbitra avily chosen “factor of safety of 4”. ‘The t use of the phrase, 
“reasonably be expected”, and the arbitrary selection | of 4 as the factor of | 
safety are hardly in keeping with a branch of knowledge with such a 


scientific basis as Engineering These methods are not based on any — 
can be. logically followed by ‘different individuals to obtain | identical 


results. other authority given the factor, it might have been 
different. It is true the factor tor of safety for reinforced concrete is 


taken by the best engineers and, in gener ral, accepted as about 4. The J oint — 
Comn ittee on Concrete and Reinforced Concrete in its 1917 Report, 


m 


gests 2 24 per cent. The , difference i in using a factor of 3 instead of 4 ‘results 
in a saving ¢ of 250% of material. ~ Concensus of opinion would have it that a 
factor of 3 is too low; yet how » by this method - of intuition, can it be 
disproved that 4 is. too high ‘that is the lowest factor to. be used? 


Can this vital ma ‘Failures in 
concrete structures” are of too frequent occurrence. On this basis alone, the | 


factor of safety should be increased ; yet, it is well known that alll these _ 
failures are due to’ inferior concrete, and instead of increasing the factor o of | 


safety, a rigid control of the making and placing | of concrete and an insistence 


ona high strength ‘should be strongly urged. wee 


Ttem (a), variation and imperfection it in material a workmanship, is 


factor” vitally affecting the allowable working stress. Although it has 
long heen recognized that there are variations in ‘the strength of materials — 


and structural elements, especially pronounced in concrete, due to o “varia- 


tion and imperfection in material and workmanship”, no ‘method has been 
used to. determine even crudely the affect of ‘such variation and imperfection 


z on the strength. The influence of imperfection and distortion of the structure, 


such a as that indicated i in Item (b), isa consideration of design and i in no way 


affects the w working ang There must be some limit | to the factors that must 
To 


“cement from a batch of concrete. It is possible to determine with reasonable 
“accu acy the stress" that a material or structural element will safely carry. 
es part of the problem is capable of. solution, why introduce unnecessary, — 


‘unknown, and problematical factors such as emergencies, possible: overloads, 


no factor of "safety ‘could ever for omission of all the 
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unequal loading, eccentric loading, settlement, etc. ‘These factors vary 

the individual struc ture, the foundation, | and the use to which the struc ture 
oo is placed. The emergencies and overloads should be the utmost conceivable for 
= the particular case. T he design is the proper place to take cognizance of all 


these factors. The problem of settlement should be solved by the use of foun- 


dation areas as proportional to the on n them, and the structure so designed, 


unequal settlement will not ‘cause secondary stresses 0 or 


of load directly or indirectly due to it. 


= 


_ The dynamic effect, as in Item (c), should always be considered. Ww ork- 
ing stresses cannot be determined from two independent criteria. There j is 
no way to . allow for a rare application of an excessive load, except to. design 
so that such a load produces, asa maximum, the working stresses in the indi- 
v dual members. The» working load would then be a percentage of this x rare 


excessive load. The phenomenon | of fatigue reduction of strength permits. a 
pa of (100% overload, but this is an inherent property of mate- 


Item (e), deteri ioration of the structure, is a ambiguous. ™ It can be taken to 
—E reduction i in the ultimate strength due to time loading, to loss of strength 
in time independent of the load, or to reduction in strength due to loss in 
area of the structural elements by abrasion, disintegration, or other influences. 
Tt has been determined experimentally that concrete does not lose any 


"material of its maximum a strength with a age. effect of time loading 


ost by abrasion “the life of the be pane 


extra material added to the structural element. Disintegration should 
_be prevented, or ‘if that is impossible, | allowance for it should be made. Such 


effects: as abrasion, disintegration, etc., cannot be considered, being factors of 


design and unrelated to determinations of safe stress. 
Rationat SCHEME FOR THE DETERMINATION OF STRESSES” 
s not necessary to consider internal column reactions of the nature of 

& initial strain and correlated stress on reinforcing rods in longitudinally 


reinforced concrete columns" due to shrinkage of the concrete, as these phe- 


nomena occurred i in the test columns. The results showing a stress of 31 000° 

“db. per sq. in. in the reinforcing rods of longitudinally reinforced columns pos 

_sibly indicate that initial compression due to concrete shrinkage was present, 


as claimed by several authorities. Neither As it necessary to take into con- 

"sideration the method of failure of the column or compound structural element. 


It isi immaterial, for example, whether the rods of a longitudinally reinforced 
~-conerete column cause the failure of the ‘column or whether ‘the failure is 


- independent of the action of the rods. The si safe working stresses can be based 4 
on formulas determined mathematica ly from the r results of column tests, elim- 


inating all speculation on “the internal behavior of the column and its ele- 


‘The safe working stresses for a type of str etural element must be a fune- 


_tion of the following factors: 
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-The ‘maximum stress that can be applied in infinite ‘repetition, or 
sustainec 1 application for an infinite period (time load), without causing” 
ructure (a) : a ‘permanent set, or, (db) a a strain at the last repetition or end of the infinite — 
able for time load, either being greater than 1 some 11 maximum permissible strain value. 
e of all @ dete amined by factors inherent i in the structure itself or - otherwise determined, | 
yf foun-- ‘such as, by the presence of | plastered coating on the walls. For an elevated 


will: railway structure, for example, a working strain of 0.0035 in. per in. in the— 


ler that eapporting members would not be excessive. 


‘ibution ®, —T he formula, « empirical or exact, that has been confirmed experiment- 


ally, expressing in terms of all the component variables the strength of the 

‘here is  3.—The reliability. number, N,, based on the variation in strength of the _ 4 

individual specimens ns from strength. indicated by formula given in 


nis rare” 4.—The relation between the strengths of the specimens prepared in the 
rinits a § laboratory (such as are always used in tests) and the strength capable of being ~ 
deve loped by the material as commercially fabricated. W hen check test speci 
, this is unnec- 


trength The safe wor working atress, or preferably the safe working load, reduces 

a simple of the type 


Pix! 

f mat = = the safe 


: OT, wee endurance limit or maximum stress possible on account of 
Such strain or set conside ration ; 
otors of = the mean strength of the column empirically determined; a 
function of the >_variables: (a) strength and percentage 
percentage steel reinforcement; and (c) 
ture of fo= the ultimate stress of concrete test cylinders ; BL 

idinally a factor equal to check test taken 
se phe- of the 
331000 A= the cross-sectional | (active) area of the column to the 

ns area within the spiral diameter in that of column). 


—Essential Data on Concrete 

Fatigue—J. L. V an Ornum, Am. Soe. E., has found,* by means of 
large uumbers_ of f compression | test cylinders and also test beams reinforced 
80 as to ‘fail i in compression in the concrete, that the endurance limit for con- 
crete is 50% of its ultimate strength, proper ‘methods being ‘used to eliminate 
the effect of variation in strength in the concrete of the individual test speci-— . 


ens. ‘The curve illustrating the fall 3 in strength with the number of repeti- 


| Transactions, Am. Soe. C. E., Vol. LI i Pp. 443, and Vol. LVIII (1907), p. 294. 
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= 
| | 
| 
its ele- | 


‘strains fom repeated applications of oad must aso 


ta 


n 50% of the ultimate stress, that each ps 


proey of load decreased Eo the greater the stress ratio to the ultimate stress, 
the more rapid the decrease, - with the final result that the concrete failed in 


_ compression. He also found for the endurance limit stress (50% of the ulti- 


mate), or greater, that E, decreases, but Teaches” an asymptotic value. Por 

an initial value of EF, = 3 500 000, and an application of the endurance limit 

stress, the asymptotic value is iE, = 22 50 000, 65% of the initial value. For 

“this loading, t) the permanent set is is quickly achieved and does not increase, 

— 

This p property y of concrete is of great 7 value. From stress ; considerations, the 

= < endurance limit is the maximum stress value that can be used; from ‘purely . 


‘strain considerations, the endurance limit may also be. used. 


Percentage of Repetition Load, 
in terms of Maximum Strength 


% 


2 4 6 8 10 12 144 16 18 2 22 


‘Thousands of Repetitions t to produce 


Fia. 13. 


_ —The he Relative Strength of Laboratory Made and vi 

Commercially M ‘Made Concrete 


The & oman methods of making and preserving concrete to develop maxi- 
mu mum strength, prevent deterioration, etc., , have been developed and perfected 

by laboratory research. — Commercial concrete cannot be expected to be made 
with all the necessary refinements and precautions, | because of the high inher- 

ent cost and the impossibility of placing the strongest concrete properly in 

complicated reinforcement. * There is » dene however, to tolerate oe pres- 


‘The results of a series of tests given in T echnological Paper No. 58, ‘of ot he 


Bureau of Standards, will be used as data in this discussion of work- 

ing stresses. ~The results are given of tests on the strength developed by a 
definitely proportioned dry aggregate as mixed and made into concrete test 
4 cylinders by several contractors and on similar specimens made by the Bureau. 
The data are not exactly those desired in this instance, as the contract tors 
wanted to make the strongest possible concrete instead of the usual run, the 
eylindrical test specimens permitting them make a stronger « concrete, the 
> - aggregate and proportions being correctly chosen. If left to the contractors, 
the resulting aggregate would cause a further reduction in strength. 
results of these tests are given i in full in Table 11 . Its will be seen that the 


yerage strength developed by a Bureau was 663 © higher than that: devel veloped . 
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by the contractors. This difference was due to variation in thoroughness in 
mixing, placing, and, chiefly, the too great content of water. In the e fabrica- 
tion of difficult reinforced shapes, it would be almost impossible to | use the 
quantity of water necessary to develop maximum strength for a given aggre- 
gate. — Aside from the special conditions where it is impossible to use the 
quantity, of water to develop the e maximum strength, flagrant : abuses ses such as al 

a large surplus of water, insufficient mixing, incorrect proportions, incomplete _ 
tamping, ete. , will not tend to furnish a concrete as strong as that produced — - 
in the laboratory. It would b be insufficient to have all technical men | thoroughly — 
familiar with the principles of making concrete. The average workman oy 
do his work j in the easiest possible manner, , and although he will do it to con- 


form with the specifications i in the ] presence . of the inspecting engineer, he will _ 
lapse in his absence. . Th he only positive check on the quality of the concrete 


is the t test cylinder. 


Ultimate s stress, in Percentage of laboratory 


100 ‘|125.6 4.8 | 82.8] 1:3:6 [Hand 


=1:3:6 |Machine mixed, 


:3:6 |Machine mixed, lime- 


stone. 
1: :2:4 and machine- 
mixed, gravel. 
Hand and machipe- 


gravel. 


Mean of f three means. 


An abstract of the working stress. specifications for reinforced concrete 


columns for the principal American cities, and calculations of ‘the: stresses : 


The Specifications in 1917 the Tentative Specifications 
submi itted in 1921, by the Joint Committees are to be accepted as more nearly 7 


, 1916, p. 181, 
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a the standard to which in time the various ‘codes on sed revised, and have been 


chosen as the basis of the general criticism. ey 
The 1917 Specifications* for “Columns” a: are, as follows: 


Columns with longitudinal reinforcement to the extent of not. less 

than 1% and not more than 4%, and with lateral ties of not less than } in. 
in diameter, 12 in. apart, nor more than 16 diameters of the longitudinal bar: 
the unit stress recommended for axial compression, on concrete piers having 
a length of not more than four diameters, in Chapter VIII, Section 3. [T his 

stress for the concrete piers is 224% of the expected strength of the concrete. | 
~ “(b) Columns reinforced with not less than 1% and not more than 4% 
of longitudinal bars and with circular — or 25 als not. less than 1% of the 


eter of the hooped « core is not more than 10 


Chapter Ir of the 1917 Specificationst on “Desig on and cone 


‘5. Strength of the concrete to obtai 
made the ek.” 


he 1921 Tentative Specifications} are, in follows: 


Toad on spiral reinforced columns is given by the equation: 


“ep. 
A= — the area of the c concrete core enclosed within the a * 


“the total safe axial load on a column whose = ‘is less than 40 Woh 


the radius of gyration of the cross- “section of the column 
within the spiral, and h is the column height) ; 


p the ratio of effective area of Jongitudinal reinforcement to area 


A= A p= the net area of concrete core; 


n= (for which the load is not stated); =. 


3 of, = — the safe load . on the unit of core cross-section and i is given by th en by the 


800 — (0. 10 —4 fo 

nie = the crushing strength of -conerete in 6 by en -in., or 8 by al 

_ “The longitudinal reinforcement shall consist of at least six bars of mini- 
mum diameter of 4 in., and its effective cross-sectional area shall not be wil 
than 1% nor more than 5% of the enclosed core. * * * The spiral rein- 
- forcement shall not be less in amount than one-fourth the volume of the 
reinforcement. * * * Reinforcement shall be protected every- 
- where by a covering of concrete cast monolithic with the core, which shall have 


_ a minimum thickness of 14 in. in square columns, and 2 in. in round or 


Loe. cit., p. 1111. pee 

Proceedings, Am. Soc. C. 1921, p. 102. 
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safe: ‘for Tongitudinally rei columns is given 


— the net area of concrete in the column (total column area less 


4 steel area) ; 


effective cross- -sectional area | the longitudinal reinforce- 


; = < 0.20 f’., and | is the safe load on the uni 
sections 
~~ = the crushing strength of the concrete in 6 by 19-i -in., or 8 ee 16-i -in., 
longitudinal reinforcemen 


0.5 per cent. Ee 


For or both types of columns ne larger than 40, the safe load is given by 
C 


in which, P corresponds to given by (A) and (B) and 


‘the value of the safe load for the column of the: given vé value. of h and _ 


In nT able 4,4 Section 2 of the 1921 Specifications, it iss stated ‘that: 


proportions to used i in the work are e selected from the table with- 

out preliminary tests of the materials, ‘and control tests are not made during py 
the work, the mixtures in bold-face type shall be used.” bniae 
—Columns Reinforced with Vertical Rods: Only We 


~The analysis in Section I shows that 


-1.—The rods at ultimate column strength are stressed approxim: ately t to 

-—The yield-point strength the reinforcing rods was as developed inde- 

. pendently of the amount of the reinforcement, a few of the test columns having — 7 
as much as 4% of rods. - The strength developed by the larger percentage is - 
capable of much closer check because of the far greater influence on the | 
column strength than a relatively small percentage, such as 1 percent. | 


3 —The Tods do not decrease the s strength developed by the concrete in any 


indiv idual column, the concrete does” not decrease the strength of the 


Tods. The contention is untrue that, in the process of destruction of 


‘eolumn, the rods buckle. and cause the surrounding outer layer of concrete to 
seale, thus starting and aiding the failure of the column. _ The phenomenon is 


Proceedings, Am. Soc. Cc. E., 1921, P. 
4 


Equivalent to P= (1. 33 - —0. wall D ). 
Proceedings, A m. Soe. C. August, 1921, 
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a phase in the failure of the testing of this type of column, and gual 
= buckling of the rods after the maximum strength of the column and con- 


crete has been passed and the concrete has broken, allowing the rods to buckle 


 4—The strength of the column | varies considerably within the limits of 
the lengths of columns tested and permitted in practice. 


 §—To develop the full | strength i in the reinforcing rods, it is necessary | ‘that 
the ultimate strain. of t ‘the. concrete reinforced ‘shall be, as a minimum, the 


strain ‘necessary to develop the full -yield- -point stress in the steel reinforce- 
“ment, which is 0.00125 in. per in. The minimum ultimate ones of a, 
ac this minimum ultimate strain is 2.000 lb. per sq. in. j 


he reliability of the strength of the rods and of the ‘concrete de- 
. ve in the rod reinforced columns is ; independent of the amount of the 


Besides these factors ‘governing the safe working stresses to be per- 
mitted and of which no cognizance is taken in the present and tentative code, 
there is another important factor, namely, no credit as regards strength i is given 


the: protective shell of the e spirally reinforced column, yet there is no con- 

-comitant reduction made from. the actual concrete cross- “sectional area of the 
: 
longitudinally reinforced colum = 
: a the spirally reinforced a: requires fi fire protection, the rod reinfo 

column | does es also. Fire will destroy the surface concrete of the rod. 


ae 


2 forced column and decrease the strength-bearing area in the same manner as 
ins the spirally reinforced column; and, as is ‘proper, , the strength developed 
by” the shell of. the spirally reinforced colum in is not considered. 4 A shell of | 


equal thickness. should be used 2 as fire protection in the rod reinforced column, — 


and no strength credit g given to this layer of ‘concrete. — — hat the shell of =. 


—_ reinforced column is destroyed at ultimate column | strength is a — 
reason for not for it: in calculations of working stress. 


determination of the allowable working stresses. 


as the outer layer of coner concrete adds ‘strength, to the rod_ reed 


a column . If this layer is given no no credit i in the spirally reinforced column, due 


to its function as fire protection, then certainly a layer of equal thickness — 
4 should be | allowed for fi for fire protection in the r rod : aie column, and given no 7 


Development of the Formula.—The formula giving the ‘column ‘strength 
relative to the necessary variables , as developed i in Section I, _ 


= f, 000 r rs) (1.0 00 — 0.0265 
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f'.+ 00 — 0.0265 D 


in which, 


P= the safe cotutnn Yond 


layer of concrete designated as fire 
Te , = the ratio of concrete in the column (1.00 — Tr)3 2 
= the ratio of longitudinal reinforcing rods; Yr. 
fo= ‘the average ultimate strength of the concrete as 
. @ _ column and determined by test cylinders; 


I = the length of the column ; 

the length of the 


= 


given and that may be determined by test specimens. 
~ the actual structure, | as determined by test specimens, must be, as. 


a! the rod reinforced column, analyzed in ‘Section == 057, , the 


Zquation | (68) now becomes: 
== 0. 365 00 — D - 31 000 r. 


An iii procedure, not to be recommended, is to be used when no check - 
test specimens are taken of the concrete as mixed on the job. Although hap- 
hazard, this method is possibly the only plausible one ins small \ work and i in eases: 
when those in charge cannot be convinced of the necessity of test specimens. a 
‘The alternate method of determining the permissible stresses is to incorporate 
a factor of 0. 6 in Equation | (57) to correct for the strength of the concrete as 
determined by test specimens made from laboratory mixture. a 
Equation (57) would then read: 
= 0.36: 5 (1. — 0.0285 (a6, 
The constant, 0.6, was obtained from Technological Paper No. 68 of 
the 8. Bureau “of Standards, and is” the ratio of the strength of 
mixture by ‘skilled laboratory w workers to that obtained by employees 4 
of contractors. 


an 


“Table 12 has been compiled to demonstrate the great | variation in the safe 


working | stresses for columns of extreme dimensions , and also the great 
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“difference between those computed on the strength of concrete, as usu: ally 


vous 


TABLE 12.— Sare WorkING STRESS TABULATION 


Reinrorcel CED ‘CotuMNs. 


PERMISSIBLE WORKING| CALCULATED SAFE Working 
STRESSES, IN PounDs | STRESSES, IN PoUNDS stress in 
crete, | Ratio of as: | PER SQUARE INCH BY PER SQUARE INCH BY concreteé.in 
_ultimate| jengthto| §| | \pounds per 
an 1917 1921 Speci- Equation Equation 


( 0. 


| 1.00¢ | 
4 2. 


sessssssszssss 


a 
= 
—) 


S 


~ 


Se 


I. 
2. 
4. 
0. 
0. 
2. 
4 
0 
0 
1 
2 
4. 
0. 
0 
1 
2. 
4. 
0. 
0. 
1. 
2. 
4 
0 


D 


* Maximum length permitted by 1917 
+ Minimum permissible under i921 Specificaticns. | 
¢ Minimum permissible under 1917 Specifications. 


a Based on actual concrete of 6004 of the strength ‘of neeeraeeye specimens. are 


_ ** Actual stress in the concrete of the column under working load. Column F gives average 
stresses | inbothsteelandconcrete, 
| 


Criticism the 1917 Specifications — A. 


—tThe allowable working stresses bear very” little to the 


stremes, as determined by the writer, 


3 -—Based on the strength of concrete to be expected from a mix of a cer- 


‘tain nominal strength, the working stress permitted varies as 
4 
greater than the safe stress as determined by the writer. 


a  8—If concrete is well made and check specimens are taken, much higher 


‘(as much as 100%) safe stresses can be sustained than are permitted by the 
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ing stress should vary w with the percentage of rein-— 


5. —The “maximum percentage of reinforcement is not large 


mou ugh. | Tests show that as much as 4% of reinforcement develops the same 
‘stress per se as the least percentage of reinforcement. 
6A thickness of shell equal to that demanded for spirally reinforced — 
columns as f fire ‘protection | — in ‘reinforced 


of 1921 Tentative Specifica 


1—The allowable stresses wi 


ounds per 
_ Square 
inch, for 


tress indi- F ‘on the 19: 


cated 
ifications in ‘that (a) and (b) vary varying 


ing s stress, within the limits. Par 


3.—The (1921 Specifieations have less. merit thi than the 


on based, wal for many choices mix — 
percentage reinforcement are Send than the safe calculated stress by as much ; 


—For the: strengths to be Tentative. a nominal strength 


Comment on Stress Values Determined in This Paper-— 

1.—The unit working stress in the concrete of the column as determined i in 


‘te: discussion is not « excessive, being only 28. 4% of the ultimate strength. 7 - 


2—With this conservative’ stress: from: the: old general viewpoint, much 


‘greater total column loads are obtained. — 


3.—The great increase in strength 


to a maximum of 2%, being no data pig 


lager percentage of einforeement. 
~The increase in strength of the concrete due to the spiral reinforcement 


7 is inde pendent of the ultimate strength - of the spiral when this value he lies 
between the limits of 60 000 and 150 000 Ib. per. sq.in, 


area of rod, the column : maximum load,. data avai 
able « only for a maximum rod reinforcement of 10 per cent. 


— 
5 
4 
425 
a 4—The working stresses, in all cases, are lower than the safe calculated _ _ 
on 
| 
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the sate calculated stresses Tor many possible Selections Of variables. 
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L—To ‘the ultimate strain of approximately 0. 0015 i in. per in., the protective 


a - shell i is undestroyed and i in n great part is intact and serviceable as a fire Protec: 


of 0.0015 in. 1, the | protective considerably increases load sup- 
ported by » the column depending on the ratio of the area of the shell to that of - 
_ the cor e. T his increase is $ appr oximately Wh, and depends on the ratio 0 of core 


—The column strain at or ultimate ¢ columr , is 


reliability of the ultimate oF maximum strength of this type of. 


column only” slightly less than for -unreinforced or for concrete 


7 
—The strength reliability does not vary with: (a) the amount of spiral | 
with a maximum of (b) the amount of longitudinal 
reinforcement with a maximum of 10%; ar (c) length with 


welve column diameters as a maximum. 
_ From an inspection of these qualities possessed by the spiral and rod wiles. 
- forced | column, it is at once apparent that the safe working stresses permitted " 
_ should depend on the percentage of reinforcement, the length, and the relation 
of the other column variables. — This i is more clearly brought | out in Table 12, 
of the calculated safe wor king : stresses, which are shown to vary almost 100% 


for: the limits of the v ariables permitted by the 1917 Specifications aaa the one 


Continued compression of specimens of the spiral and rod reinforced type 

of column, far beyond the ultimate and maximum stress and strain, has caused 
“the general destruction of the shell, the ‘spir als s to be broken by tension, b buckled 

- longitudinal reinforcing rods, buckling of the column ‘itself, and, in gene eral, | 
| complete destruction of the column ‘proper. This has led to. a general belief 

that these phenomena occur simultaneously with the point of maximum load, 7 

and a refusal to accept t the ultimate column strength as the basis for the — 
-ealculations of the : safe working stresses. It is immaterial how a structural 

element fails. When failure occurs, the element is useless and, therefore, all . 


- other elements supported by it or transmitting loads to or from it are likewise 


The ultimate column stress should be the basis of the of the 
safe working stress. That some procedure | has been adopted at some time or 
place is with ‘ak of far greater weight than the most logical theory, n 


matter” how ‘positive and incontrovertible the proof. Refer to the working 


“stresses suggested by Considére and adopted by the French Commission, and | 
- given” for the rod and s spiral reinforced column by the formula: — 


the safe strength of the | plain ‘concrete, taken at of 


wl ultimate strength of the concrete in the f form of cubes (ea viva: 

lent to 184% of the stren gth i in the form of cylinder: rs, ‘ace 
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tective r= the ratio of longitudinal reinforcement; 


the ‘ratio of spiral reinforcement, with the criterion that the 


- 


strain 4 maximum working stress. permitted shall be 0.6 the ultimate 


strength of of the econerete, 
re 


: Inj passing, i it may be wr that the 1 maximum stress pee by Considé 


stress as s the basis for the of stress: The 


arguments against ‘such a determination 


—The unreliability, of the strength developed the « 


3.—The column reaches maximum load at a very great strain, 


too great to permit in a structure. 
: 4 —The marked yield vom of the column. 


al rod 
with 


T arguments may be an wered i in turn, as follows: 


nitted 1.—From the results of the ‘mathematical investigation in Section 


‘prev iously summarized, the rod and spiral reinforced column is shown to = 
almost as reliable as the rodded column ; the reinforcing elements contribute a 
definite part of the ‘strength; and , finally, a mathematical equation 
derivable, the ultimate strength reduced by the reliability number can be used 


accurately to determine the safe strength of the column, n no matter hov how - “i 


lation 


the variations in 1 strength may 


2.—The column buckles after maximum load has been reached and 
ckled “The steel column, generally recognized as perfection : in structural work, also 
aaah buckles after | maximum load has been attained. The bend in n th the column in 
belief maximum load can be understood to be negligible from the consideration of a 

the ultimate strain (that is, strain at maximum load). This ‘strain at 
“maximum is 0.006 in. per in. bend i in the. column would manifest itself 

B san addition to this measure of compressive ‘strain. Assuming 0.006 as due 


to the flexure of the column, | a figure much too large, e, as the greater part of : 


“the measured | compression is is a ‘compression strain in the column, the mid- “point 
ofa . 10-ft. column would be laterally deflected about 13 in. This amount 
of deflection or bending i is not a condition to be permitted | permanently, but i is 
“not excessive at the ‘ultimate strength. _ The working stresses are far below 
p this: stress, and this condition of bending and concomitant ultimate stress is, 
by process of derivation, never for safety to be equalled. 
_ 3—The great ultimate strain of spirally reinforced concrete is an ad- 
vantage instead of. a disadvantage. It permits of distribution of the load 
throughout the structure. The great ultimate strain is also. an advantage, 


cause of the concomitant great ultimate resilience. The column can absorb, 
just previous to failure, a a large amount. of energy comparison to the rod 


4—The fallacy. of the point of spirally reinforced columns has been 


e, the shell is ‘gradually dectroyed, 
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eracks, and falls from the column. ‘The result is that the stress, previously 
4 ‘distributed over the whole cross-section, is finally distributed over the core 
area , resulting, for a small increase in load, in a great increase in stress and a 
natural: relatively sudden increase in strain. _ Thus, the yield point really is 
that point at which ‘greatly additional stress is impressed on the core without 
being visibly denoted on the testing machine. 
, _ There is one more important argument. for the ultimate stress as a asi, 
that is, the | advantage of the protective shell, which may be ‘summarized, 7 


ae The shell, commencing to crack at the ultimate strain of unreinforced — 
concrete, gives warning of overload and also of possible failure. Reference to 
- Table 13 shows that the actual safe working stress in the concrete itself is : 
about 32%, as computed | by the method developed in this study. a Overload — 


cient to cause noticeable eracking would then indicate 200%, a large 
leeway in load variation and also a sufficient warning of impending failure, 


under r about 100% still, greater load. 
“oa 2.—The shell is sound and assumes about 50% of the column load for the 


nary column proportions for all stresses w ithin the working range. - 7 


- 3. —The shell will be decreased i in strength in part or in whole, according to 
“3 the ‘destroying influences of fire or ‘overload beyond the unit ultimate s = 


‘of unreinforced . concrete. The shell, therefore, i sound and a perfect fire 
protection at normal working loads. and stresses, which will not be the case in 


“the event of both these influences, but the probability of the two occurring 


: _ simultaneously i is extremely small. - , x the fire protection is perfect there will 


be no overload i in case of fire. hes Imperfect | protection would possibly result i in 
the collapse of upper floors, which would result in unequal distribution of the 


weight of such floors and the impact overload due to their fall. _ _ 


Formula for Safe Working Stress. — —Using the ‘maximum or 
strength of the spiral and rod reinforced concrete column as the basic stre1 igth, 


the: formula for the safe working stress in this ty pe of column, desieed as for 


the rod reinforced column, is: 


the area ‘of column cr cross- -section, ‘within the spiral ; ‘=! 


— 


fe= = = the average strength of the concrete, as the form of 
L. = the endurance limit, taken as 50% of the ultimate strength ; _ 


the ratio of column length to diameter (of ealitie: anc 


aha 


N, = 046 deter mined for the and rod reinforced column 
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2 WorKING STRESS IN CONCRETE) Permissible 
PERCENTAGE OF REIN- STRESSES, Pounps PER CALCULATED SAFE IN POUNDS PER SQuARE INCH, |stress, in pounds 
Concrete, Ratio of | FORCEMENT, | INCH. Poumpe PER STRESS INDICATED IN /persquareinch,t 


2 inch. | diameter. | 1917 Speci- "1921 Speci "Equation cry Shell chosen 


fications, | fications. (60) neglected. included. Column 
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“a3 * Based on 16-in. core diameter, 20-in. outside shell diameter (2-in. shell required for fire-proofing), © eee 
pe" + That is the total permissible column load i the 1921 ee on the 20-in. diameter column divided by the cross- veuetionsl area a of t 
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Correcting. for the lower of commercially. concrete by | 


the factor, 0.6, Equation (59) becomes: 


20, L, | 0.6 (1 = + 0.573 + 36 500 
L > 
4 


i 


Tal able. 18 gives permissib le stresses 


safe as E quations: ms ( 50) (60) or comparison. 


certain cases. to. a maximum ‘of 3 33% on of 
the strength commerci ally to be expected from that of a of a a certain 


nominal strength, 


2 —For of ac equal t to that selected in in design, all the 
s are less than the safe cs calculated stresses, but the ratio 


A 
3.- —There i is ‘only « one permissible stress for a ra wide range of ‘reinforcement 


‘and variation in column age esa the safe « calculated strength y varies 
pproximately 100% fo r the n maxin 1m permissible variation, in this 


-—The percentage spiral _reinfor ‘not be held be tween 
the narrow limits of 1 and 2. - Although the upper limit of 2% is reasonable, 
as there are available data | on columns with ‘greater percentages of rein- 
forcement, the lower limit er och less than 1%, and, if limited at all, 


it should be governed by | ‘thes minimum n diameter of wire that can with: 


able stresses may be more than 100% elit than the present 


(dite 3 stresses for percentages of steel reinforcement larger than those 


Permitted by the 1917 Specifications, but within the limits of reinforcement i in 


of | the 19 21 Te ntative, Specifications — a 


‘the allowable s stresses for concrete an e strength « of 


1 1500 per sq. in. are ‘slightly higher (15% more) than the safe cal 


cul 2¢ stresses, where the actual —- of the concrete « equals that of the 
concrete assumed in design. 


2. —For the strength of concrete ‘to be expected as commercially fabricated 


_ from a concrete mix of a nominal strength of 1500 lb. per sq. in., , the per- 


missible stresses are much higher (to a maximum of 7 we than the eale nlated 


safe stresses; 
_: —Prov ided t that the actual strength of the Seite of ‘ais column res is equal 
to the nominal s strength of 3 000 Ab. per sq. in, ‘the permissible working giresses 
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ant for the } perr 


—For concrete of the ‘strength to epee a 
nominal 3000 Ib. per sq. in., 2 all the: permissible stresses are higher, to a 
maximum of 50%, than the safe calculated stresses. 


i: ). —It i is possible to select a range of percentage reinforcement s so that the 


‘allowing absurdity occurs: By re removing the spiral from a. column, the allow- 


ions and virally ‘reinforced column. The is, as follows: 


dimensions: Core, 16 in. in diameter; area, 201 sq. in.; outside 


diameter of column, 20 in. (a 2-in. shell is required by the 
tions for all reinforcement). 
Reinforcement: Spiral, 0.25%; rods, 
\erete of Concrete ‘strength: 3 000 Ib. per in, 


all the force is 160 60¢ Ib. If the ‘spiral is is t considere the load is 2 201 600. Ib. 


he ratio # The removal of the spiral reinforcement will not increase the strength of the 


reement ~The upper limit of the permissible percentage of ‘spiral reinforcement 


should be 2 instead of 1.25. 


— —No fixed ratio between the percentages of spiral and of rod reinforce - 


ment is necessary, 


between Aggregate Specifications. —It is appropriate to call attention toa 
sonable, gested improvement in the specifications aggregate. ~All criteria may 


of rein: show an aggregate to be defective, yet if ‘the strengths of the concrete test 


at all, cylinder are acceptable, the aggregate will be accepted. Mr. M. Chapman* 


iy with- gives suggestions for the strength | of test specimens as the basis of —— 
in place of the tests of the various components. He summarizes the specifica- 
present tions, as follows: The materials 1 used shall be of such vality and : —_ propor- 
n those tions as to ‘produce a concrete which sh all show rength of 


ment in 2500 (or 2 000 or 1 1500) 1 Ib. per sq. in. at the > age c of 28 -, aac tested in 


accordance with the: standard methods of 


for Pr esent 


of e actual concrete in a column the safe 
ife ca 


al selections of variables, ‘these stresses agree with those recom: 
he per: ‘mended by the 1917 or 1921 Specifications. If, for several cases, stresses 
culated ean be calculated entirely from a formula agreeing with the magnitude of 
wiiicns the safe stresses determined after twenty years of effort, it is proof | of sett 


ye 
in the present method. Consistency, “therefore, should ‘make the permissible 


New Form of Specification for Concrete Aggregate,” Proceedings, Am. Soe. 


‘Testing Materials, Vol, XVI, Part II, p. 180. 


barly 
(60) 
y a 
q 
| 
_ 
i 
varies | 
this 
ij 
= 
the °15% of the ultimate concrete strength, 
q 
| 


stresses coincide, or at least bear a fixed ratio throughout, with the vocaaia 
obtained by) the methods of this paper. 2 = 
—Structural Steel Columns Embedded in 
The vo of this type of column is a simple summation of the strengths 


of the two components, the steel and the concrete. | For the working stress in 
the s teel, in the present instance, the stresses now used are satisfactory, a as it 
is the writer’ purpose to discuss 0 only concrete stress b 
allowed i in ‘the concrete will be given the equation: 


7 to give approximately, — 


us, 30% the s stwnpth of the concrete, as determined in test eylinders is 
‘tite safe working stress for the conerete in this type. of structure. 7 


—The von Type o of Reinforced 
‘The von Emperger type of column presents a case in which the applica- 


the methods of determining the safe. working stress, as followed in the 
4 previous types of columns, would lead to erroneous “results. “The apparent 
reliability of the von Emperger « column would indicate a safe stress of a single 
- short application o of 83 A% of its average > ultimate sta strength, v which would mean 
4 _ approximately 31500 Ib. per sq. in. as the working stress in the cast- a 
reinforcement. These values for the safe stress in the column in the 
iron reinforcement are, , however, greatly i in error, as s will be shown. y= * | 
The ultimate and maximum strength of the von Emperger is the 
two independent: quantities: The ‘strength of the ‘spirally reinforced 
> concrete part at the normal strength for concrete thus "reinforced, and the 
a - strength of the cast iron at the ultimate strain of the reinforced concrete. It 
Fi possible that the surrounding concrete would cause the cast iron to assume 
* larger s stress before failure, but until the matter has been definitely , decided, : 
the only possible action must be negative. 


_That the safe working stress cannot be : as large. as the apparent: high reli- 


_ in which, r, and r, are probable errors o of the same quantity due to different 
“operating causes, ‘and R is the actual and final error of the quantity, is a 


standard and accepted formula in the theory of errors. This formula can be 
applied in the present case, in which, R is the inverse measure of the strength 


= 


of the structural compound element, r, and r, are 
qu uantities for the two different components of the nl anne. 


aa Tet ‘. be the probable variation due to the cast iron and r, the probable a 
variation due to the concrete. In the series of test columns, the vari ation in 


ai. of the cast-iron reinforcement at ultimate column load was not a_ 
‘in of, or variation in, the strength of the cast iron; it depended on al 
“ultimate strain of the reinforced concrete. Assuming that ‘the ultimate 
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« the conerete is constant would constant, and this “indicates that 


& The safe working st stress in the cast-iron reinforcement should not be greater 
than that used if this cast iron was a separate ‘column without any surround-— 
ing” concrete.. The safe stress | for cast iron, as calculated in this paper, is. 
. extremely. low, about 3 000° lb. per sq. in. As previously stated, this low 
strength derived from comparatively “poor specimens, and it is probable 
ct tests $ on vertically cast ‘Specimens, s such as are now on the market, would 


— much higher safe stresses, even possibly exceeding the safe stress 
embedding of the cast iron in concrete the cast 


a by some stiffening action, preventing any individual specimen of low 


strength from 1 breaking at a s strength as low as it would, if it had not been 
embedded. _ To give credit for such i increase in strength in the cast iron and 


permit higher working stresses, based on the ultimate strength of the column, — 
a large number of columns would have to be tested, in order to determine ~ 
whether a cast- iron core of strength would ‘reduce the strength of the 


column, and, if | 80, , to allow for this reduction in the ‘reliability x ‘number, N,; 7 


19 
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EXPERIMENTS WITH MODELS OF THE ie 

GILBOA DAM AND SPILLWAY 


Dise ussion 


HADDE US Merrima AN. = 


3. F. Groat, 7 M. Ay M. Sov. ae C. (by le etter). $—The he writ 


nterest in reading the instructive paper by the authors, and n 


fact. that the overfall did not correspond exactly with their expectations. 


"question may wel an be asked—should it? Even | if model | theory was deve sloped 


“sufficiently to be closely applic cable, one need expect lose agr agree ment 
tl t errors wil 1 not become apparent. é This is true. of all theories as regards 


t application. particular, the writer is of the opinion that an overfall. 
is very sensitive to small errors, such as ‘might occur in the measurement of 
the head on the crest of a model wer, 


One element of correct hydraulic model construc tion which is diffic ult to. 
create — the prototype does not exist, is a correct introduction of w ater 


to the mo ith correspon 


ding correct configuration of discharge. If ae 


( 
“two conditions are not established, an exac t reproduction of performance need 
not be « expected. kh the case of the writer’s model of a reach of. the St. 4 


‘Lawrence River, ‘the prototype a acl existed, yet, owing to the roughness of 


7 “the field methods used, errors of some mi agnitude were obser ved, not only in 
the flow within the model, but also in the attempted entrance. 
‘and exit conditions. Tad these conditions been minutely adjusted, there is 
« doubt ‘that a more precise homology would have been presented. 


To be even partly» true, the statement that the strength of model struc 


Ae 


tures “varies inversely as the seale ratio”, must be qualified by the 


“geometrical”. ‘When the extended meaning of the “model”, is. used, 


must have an extended meaning or progress in researc] h is Pn an ery as reg rds 


In of rigorous theory, the construction and testin of 
mode al becomes a large problem. Is a valuable method of solution, however, to 


te dropped because it is large and ‘oublesome ?- The chances will be that it is 
a not as large and troublesome as the problem to ‘te solved. ; The expenditure of 


a Discussion of the paper by R. W. Gausmann and C. M. Madden, Associate Members, 
Soc. C. E., from December, 1922, Proceedings. 
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time e and trouble will be justified by the exactness of "the 3 results s obtained. To 


make a model. structure, for example, one may increase gravity y effects by addi- 


tional density, by loading, by the use of materials of correspondingly v varied 
elastic: pr operties and strength, by centrifugal forces produced by the rotation 7 


of the model as a whole, by measuring internal stresses in a model member 
instead of testing to destruction, ete. Some genius will arise” to synthesize 
materials and fluids capable of being handled with facility in the construc- 


tion and testing of models. A pers study of this kind should be made. > 
-Rosert FLEetcner,* M. Am. Soc. C. (by letter). t—This p paper supplies 


in 1 great detail the actual results looked hie by B. F. 70 oat, M . Am. Soc. C0. E., 
in his paper on on “Ice Diversion, Hy draulic Models and Hydraulic Similarity”,t. 


All readers familiar with the e principles involved must be impressed by the a 
- great value of these remarkable demonstrations of what may may be learned by the 
inte lligent use of models. In the discussion referred to, the writer objected to 
seemed | to be and “all- inclusive claims for the validity of 
model studies, and probably over- the objec tions without expressing 
due recognition of the value of such studies Ww hen results are rightly interpreted. 
thanks of the Profession are due Mr. Groat for his very complete 
exposition of the theory of hydraulic | ‘models. Tt removes ‘some points, of 
-haziness, which the writer confesses existed i in his own mind. interesting 


- experiments with model Is of the Gilboa Dam show how much may be learned 


practically by the ‘eut- -and- -try method. 


“nin he writer thinks, however, that the > main point and intent of his criticism — 


is justified, in all ordinary ¢ cases where experimenters have only limited means 
9 much confidence i in results which , 


identity, flow over 


Re cond.—It may be possible to k build a model not necessarily a.m model in the 
true sense of the word, which ‘ ‘must reproduce even in detail the performances: 


of their y prototypes “4 but, for the Gilboa Dam, the scale would have to be as 
1: 2.58, and the liquid must be mercury at 60° Fahr. 


*hird. —With du recognition m of the points of dissimilarity, the model, on 
i 
= a sufficient scale, is the most efficient means of preliminary study of such a 


one would p to dissent from the last conclusion in view of the 


~~? the reason for the difficulties in adjusting the theoretic: n om 


to practical conditions is considered, it is noted ‘that it involves parwrrsaiey of 


‘mass ratio, force ratio, eentrifug: al reactions ionality | f 


t Transactions, Am. Soc. C. E., Vol. LXXXII (1918), p. 1168. 
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of “Although all these are re given expres- 
sion i in the formulas, there are certain coefficients of uncertain value involy ed, 


which forbid confidence when an attempt is made to predict what may happen — 


_ when an extraordinary flood i is pouring over a dam, or provision is to be made 
for a. jam of ice or logs, or excessive wave action is to be resisted by a sea- 
wall, or the impact « due to reaction from back-water is to be resisted at the toe : 


“of a dam, or in other cases where the forces | of Nature are likely ly to get bey ond 


control. As Mark Twain said, ‘ “we are harassed by doubts”. 


1 
in and lack of very ‘definite 
although useful some 1 respects. The artifice of using bags of 


a shot and | pieces of slate for groyn nes and bank protection in ‘the models surely 


a bale be consistent, one must believe that it would be possible ¢ 


of Niagara Falls, which would reproduce | on) a reduced seale proportional 
effects to the erosion and destruction wrought by the mighty cataract, or that 


officers of the U. S. Ordnance Department could make a model of a 16-in. gun 
: and invent an explosive of detonating effect proportional i in the scale ratio to 


safety ofthelargegum, 
In discussing the application of the formulas expressing “the jmenorable 
rr of mechanics” to the model of the Meigs elevated railway, Mr. Groat shows, 
perhaps conclusively, that, after 2 a "certain number of had been duly 
satisfied, “the factors of safety i in model and p1 prototype pe would have been equal”, 
and then adds: “Tt is not d doubted that it would be something of an undertaking” 


to construct and test such a | model, bat the fact which we have proved i is that 


tec 


ean be done.” Again, the verdict really practicable because of 


Acknowledging the great value of all the experiments described, having 


in view, the riter would disclaim any intention both 


_ the effect of the actual high explosive used 1 in warfare, and ad thus predict the 


vd 


Spring Valley Water Company, of San Fr ancisco, ‘Calif., to prepare a tentative 


design for a spillway for the Calaveras D Dam. The spillway was } to take care 


a drop of about 200 ft. 3 


An extensive preliminary study, covering more than reservoir 
- ways in all parts of the world, was made in connection with this design. Spe-- 


by the ‘Secretary, December 80th, 1922. Sora: 
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cial attention was given to stepped spillways or cascades, that is, the type used 


othe GiboaDam 


Stepped spillways and wasteways have been used in European* and Amer-— 
icant practice for many years, yet 1 the principles for their design have net been _ 


formulated, and the writer had to ‘state ‘that there was. no reliable formula 


for ‘the of water over cascades. ~The absence of water- -cushions and the 


progressive incr ease in of approach preclude a satisfactory 
tep may be treated asa drop, with no no raised — 


and the 75 L Hi , may be wk engineers ‘prefer 

the Kutter formula. a. At high heads, ‘with the water being ‘projected farther 

horizontally and not all the “nappe ‘striking the next step, the problem will | 


become more complex and the formulas | preposterous. a ee ae 

a The writer has been especially interested in this valuable paper iia 
sents the results of the authors’ experiments | to determine ‘the conditions of : 


over the stepped | overfall dam at Gilboa, N w means of of 

results in particular case which is essentially dynamic and involves 

— a phenomenon a as the successive impingements of a sheet of water of 


if More consistent and, therefore, ‘more serviceable results were e obtained with 


4 ‘the models of the “approved Section 100”. (Fig. 9)§. It may be sa said, perhaps, 
that Section 100 was approved because its models gave more consistent results, ; 
these results | being probably due to the greater uniformity of its profile. ' The 


rises of | the : steps in Section 100 are consistently greater than their treads, 


whereas, in the experimental sections, the rises are smaller r than their = 

| in the uppermost three steps and greater in the steps ; below the third, there- = 

fore, in ‘Step 2, _ the ratio of rise to tread 1: 1a, and in Steps: 5 and 6, the 

5 tatio is 2: 1. 

of the “discrepancy” or 
Probably. originated on Step 2 2, ‘the tread of which was long enough to deflect — 
mad to project the falling nappe in a horizontal direction, ¥ whereas the profile 
of the model, near that point, takes a vertical deflection downward with refer- 
ence to its original trend. _ The flow curve diverges from the profile, ‘and the 
dissimilarity between the models, “which becomes prominent below this point, - 


— 


* Reservoirs in also, at Sengbach, Urft, Bystricka, 
Krauserbauden, Mohne, etc., in Germany and former Austria- -Hungary ; and at Rochebut and “4 

Titieus, New Croton, and others of New York ‘Water Supply; aise, the Lahon 

q Reservoir of the Truckee-Carson Irrigation Project. 
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TS WITH MODELS OF GILBOA pam [Papers, | 
is probably due chiefly to the mass effect of their r respective: of water 


which had impinged on and were deflected by the tread of Step 2 a 


In the approved Section 100’ the horizontal ‘deflection of of the nappe, tak- 


ing ig place « on Step 2 of the experimental sections, was suppressed by shortening _ 
the tread of Step 2 and by a a general steepening of t he upper | part of the | 
profile of tl the dam. . This made the e profile more uniform in respect to rise and 


tread propor tions, the structure becoming geometrically simpler and the results 


? 


nore consistent. 
{ 


structures and the absence of the ‘impingement factor. te 

with these tests, the 2 authors made the interesting observation that “Kinetic 
dissimilarity may be eliminated “by changing the geometrical similarity toa 

By degree, that is, by using a corrected head, flows may be ee a 

are identically similar for all mode ls’ irrespective of their scale. The cor- 

; ~ rections “computed by ‘them for the three models used seem to be c consistent 

_ when properly plotted against the scales of the three models. Curves based on 

such observations might supply a very useful link for tl the correlation ot ob- 


“servations 0 on “models: what to full- seale 


authors deserve great t credit for their r thorough and their 


valuable’ contribution to. hy« draulic literature. 

Rosser F. Assoc. M. Am. Soc. E. (by letter). There is much 

to commend and little to criticize with respect to the methods used i in n and 


the conclusions obtained from the admirable series of experiments | made on 


models of the stepped profile type of dam. The general type of dam m to be be 


used been decided on before the experiments were under 


_nillvay dams, it appears: that such a a dite was not seriously considered, owing 


doubt, ‘to the: apparent difficulty of properly absorbing the high -yelocities 
of the water at the toes | of dams: of that type. In the light of knowledge 
gained during the past ten ye ars, the apparent difficulty has disappeared, and 


as there’ are certain inherent serious” disadvantages in the ‘stepped type 


the st 


Proceedings, Am. Soe. C. E., September, 1922, p. 1525, 
Asst. Engr., Aluminum Co. of America, Pa. 
t Received by the Secretary, January 5th, = 
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i 
United ‘States, It is not easy for him to get away 


sorption of hundreds of thousands and possibly of horse- 
on the dam itself cannot be done without 

serious destructive action on the e dam ar and within areas where 

action is least desirable and most dangerous. 

Cyelopean and coursed 1 masonry and even concrete deteriorate consider- 

ably in time insofar as freedom from cracks is concerned. Wide variations 

in temperatures and to ‘some degree in stresses, due to loads, ultimately de- 


velop cracks, possibly y very minute but, nevertheless, present and extending 


toc considerable depths. This tendency to crack i is considerably facilitated, by 
the greater exposure and angles introduced by the stepped construction and 
by the entrance of water under direct impact, which takes place on every step. 

It can be only a relatively short time before the corners of the steps are 


broken away, , due to weathering and impact. After: this has happened, it is 
highly probable that the exceptional flood will come and the steps, now 
longer of sufficient width to function properly, will then © become a source of 


positive d danger. In the same manner as discussed i in 1 the experiments, where 


the steps were re not n made sufciently wide, some 0 of the 1 water with its s velocity 

ace of the dam with sufficient 
energy to develop. erosive action which the lower steps cannot withstand for 
any appreciable | length of time . The x result will be rapid destruction of the 
steps and serious attrition of the main body. of the dam near its base where 
the stresses | are greatest and where adequate repair will be ‘most difficult ‘if 


_ ‘The great rapidity with raveling action proceeds where water i 


structive action of water flowing at a velocity of about 45 ft. per sec. in a 


spillway channel newly excavated | in a very hard rhyolite formation. The 
surface as left by the contractor was rough and broken, but as s blasting had 
been very light in order to prevent as far as practicable the breaking of _ 
the rock left in place, it is | difficult 1 to believe that fracture at depths “greater 
than 10 ft. could have been more than what | one would term “hair | racks”, = 


yet in the course of a few d days s during the first big flood discharging ‘through 


the. channel, holes 15 ft. or more in depth were scooped out of the ledges in- 
place and blocks of rock many tons in weight carried down the channel. 2 he 


average slope of the channel was about 30 ft. vertical in 100 ft. horizontal, 

and the maximum depth. of water in. the channel at the beginning of the | 


_ Water r may be allowed to flow over smooth concrete at very high velocities 


tie a long time without ; appreciable wear, b but where slight irregularities de- 

velop, erosive action appears and increases with great rapidity. . The initial 
inegularities need be very slight to start the trouble. ~The writer has recently 


inspected some photographs of the down- stream toe of an ogee spillway dam, 


Kc 


over which water has been flowing with velocities « of more than 100 rm. per see. 


= 
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4 DISCUSSION ON EXPERIMENTS WITH MODELS OF GILBOA DAM [Pape 


& 


il ‘in these photographs there ‘is whee thas. wer ear is beginning at the 


‘horizontal ; joints marking different pour ings of concrete, and it is safe to say 
‘that the erosion at these points will develop rapidly. “These bonding joints 


were made with the greatest « care and the lines of division must have been 


_ microscopic, nevertheless, they appear to be sufficient to give the water its 


‘initial “grip”. — On the adjacent areas, originally smooth and unbroken, the 


The : statement no doubt will be made that the steps can can be repaire 
- renewed from time to time, but this involves a heavy maintenance charge 


and, if ‘not done may ultimately ‘result i in n trouble, | as it is not certain hen 


“bond 1 new and old concrete ¢ or “masonry in in such. a manner that water 

at high velocity will ‘not soon begin to erode the joints. — Furthermore, the 

filling of holes with joints can avoided 


: _ As previously stated, during the last few years much knowledge has been 
acquired regarding the conditions under which high velocities can be absorbed 
successfully | or controlled by water- cushions and the burden of acting as a 


buffer shifted from the to. areas more remote from the vulnerable parts 


of 1 the structure and to construction n more readily and satisfactorily iia 
the inevitable wear makes such action necessary. 


Early in 1914, writer performed a fairly of experi- ¥ 
af 
_ ments on models of an overflow dam to be constructed 1 on tl the Little Tennessee 


River, a about forty: -five miles south Knoxville, Tenn. The prototype was 
to be 195 ft. high and the models were on. a scale of 1: 48. The conclusions 
drawn from the experiments: were summarized in a report made t to the Knox: 


practically all of the ergy of water flowing at high ‘velocities 
in open channels may be internally — absorbed. by directing the water into 


pools of water exceeding a certain minimum depth and a certain minimum 


wees 


“The theoretical x minimum depth’ of the pool is by the equation: 
d, = } ,in w hich d, is the depth of the w water before entering the poet 
is the velocity of the water at the same point. This equation gives 


= required depth of the ‘pool, , above datum above 


Pa 
ha 
= 
lit 
th 
wi 
de 
in 
us 
on 
fo 
da 
q en 
er 
1 jw 
be 
ty 
an 
in 
ph 
_ 
2 a 
mn 
ani 
of 
or 
fac 
C01 
the 
™ net velocity head absorbed by expansion divided by 1.35. This gives the dis- eas 
7 tance in which the bottom velocity is completely absorbed. About 20 per cent. day 
; should be added to allow for complete absorption of velocities above the bottom. HP iy 
_ + “In high dams, subject to high velocities at the toe, complete absorption of | he 
— _ the high velocities within the shortest distance possible is desirable to prevent § . 
channel erosion and turbulent conditions in tail-races, as much as possible. 
= 


satis DELS OF GI 


“An efficient method of absorption is water into 


having the minimum given in preceding paragraphs. 
joints § “The height of the lip of the bucket above the bottom of the pox 
been 
er its 
vill allow the least wear on the | concrete, as this negligible on a well 
7 a designed and constructed dam, the advantages of the highest possible bucket 
a: a dll jn decreasing the height through which the water falls and also allowing the 
d and § use of longer buckets | along the axis of the dam with less excavation and less : 
haree fy concrete may be considered paramount. The highest possible position of th the 
Ip with present knowledge is perhaps about half the depth of the pool. 
1 that “The required depth | of pool varies in the same sense as the depth of water 
keep: on m the crest of the dam, hence the longer the crest the shallower the required 
etions § depth of the pool. ‘The bucket must of course also be made longer. pap el 
ult to @ . “For the same head on the crest, arched dams, by increasing the value of d 7 
aes : for the same discharge, require greater depths of cushion pools than straight 
e, the 1? “Where pools of sufficient depth are not provided, it is probable | ‘that. the — 
Jed is J entire kinetic energy of the water will be expended upon the channel and 
nerete erosion will continue at a rapid rate until a pool of sufficient depth is excavated 7 
sion During 1916, and, subsequently, the 1 Miami Conservancy District made 
sorbed elaborate experiments that clearly demonstrated the efficiency of the hydraulic 
x as a jump as a means of absorbing high velocities. > he data and conclusions were 
parts published as Part IIT of Technical Reports, under the title, “Theory of the 
paired Hydraulic Jump and Backwater Curves and the Hydraulic I ump as a Means 
oe of Dissipeting Energy”. _ Mr. - R. D. J gn in his discussion* of sey paper, 
experi- 
messee Flow a High Vv in a a papert on “The Correlation 
pe was of Momentum and ‘Energy Changes in Steady Flow with Varying Velocity. 
sions “and the Application of the Former to Problems of Unsteady Flow on 
Knox- in Open | Channels” » presents in an excellent manner the mathematical and 7 
of the physical conceptions involved i in the hydraulic j jump p and the related hydraulic 
"aoe feature, 1 the ‘standing - wave, and casts aside the shroud of mystery with which — 
oci ‘the every-day engineering world seems to have covered this really common 
ocities 
into hoot natural occurrence. S 5 is probable that the theory of the hydraulic. jump 
primum and its practical application are now fairly well understood and that few dams 
«i ofa any magnitude are constructed without consideration of its development 
ae and whether or not artificial means of i insuring the j jump will be required now 
pe pool Pin the futon, 
i“ re The writer considers the ideal spillway dam to consist ofa perfectly smooth- 


faced ogee dam, straight in plan, with the crest. t unbroken 2 and id designed to 


: sacsese conform 2 to the lower nappe of the falling ws water for the highest. possible flood 7 

pom the the down- stream face of the dam to be joined tc to the floor of the channel by an ed = 
he dis- easy « curve; : the channel down stream to be the same width as the crest of t the : 
or cent dam for a distance sufficient - to permit the full development. of the normal - 
jump (farther down stream the channel may be varied to suit 
orevent stated subsequently) ; the floor of the channel near the dam to be nearly level _ 
ossible. throughout, and as its position vertically is defined by the low point in the 


* Transactions, Am. Soc. C. E., Vol. LXXX (1916), p. 378. Fon 


4 
| 
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natural channel, this requirement also agrees the one that 


should be taken’ through the entire fall i in a a single drop along the entire crest, 
Finally, the | hydraulic functions of the channel down stream from the dan 


should be such as to hold the j jump at the toe of the dam. 2 Natural condition: 

may suffice, if not, secondary dams may be used, or the channel m may be 

7 deepened artificially or be permitted to. deepen naturally, a as sit will if sufficient 


is not ally. 


‘nits a U- shaped This is rar 
high dams are iny volved, the va 


To meet as nearly as - possible the ideal ‘snide, economical con- 


struction then suggests wideni ing a certain part of bottom of the V to 
permit the dropping of as much as possible of the water for the full height 


to provide for frequent floods and placing y gates « on the crest of, the dam to 


hold the flow w as much as as ‘possible within the length 1 of crest. discharging its 


waters directly into the 


opened to flow only as required. "The profile ‘may be need in thes 
sections, or if the foundation rock is of such quality : as to resist erosion well, 


the water from an ogee e spillway may be turned over it. In either case, , how- 
“ever, repair work from time to time will be i necessary. 
if gates are not. permissible « on the crest 7 rather difficult p problem i is oie 


sented. I If water is spilled for a -conside rable part of each year, the best solu- 
tion seems to be i in smoothing the rock surface and armoring i it with cone rete, 


the e lower end of the slope to be treated the same as an extension of the dam 


and t the water guided horizontally into « eushion pools by easy vertical curves. 


ttc 


In any case, the direct i t impac t of we ater at velocities i in excess of, say, 10 ft. per 
see, is to be avoided and all the water guided by surfaces made a as smooth as 
possible into ample cushion pools. 


= In the cushion pool itself, very little armoring i is required, as the energy is 


absorbed entirely by the water. Mr. Johnson has raised the interestine point 


“that under ideal conditions in on hydraulic - jump there probably is a certain 
| : quantity of water “humped up” at the bottom of the jump to form a natural 
_ weir. The inference i is then that this water is pr actically ‘ ‘dead” a this is 

true, then high velocities are absent immediately above the channel floor and, 
therefore, erosion on surfaces on which the j jump actually takes place is prae- 
- tically absent. This means that if the initial point of the j jump is held on the 
concrete at the toe of the dam, erosion down stream from this point need m not 
¢ feared, as long as the surface of the bucket and the floor of the channel 
eek at the same elevation and the jump is actually formed. The writer is 


~ inelined - to agree w with this proposition. His own experiments were e not sufi- 
= detailed to give any information \ on this subject. A few experiments 


recorded by the ‘Miami Conservancy District, shown on page %9 of the pub- 
_ lished report, seems to confirm Mr. Johnson’s theory. s Several of the writer's 
experiments were made on models on which the horizontal edge of the bucket | 
_ was: about 2 in. above the floor of the channel Lil favorite test was to fill the 
channel with sand level with the edge of the bucket and then start the water” 


over the model after making sure that the jump would be — Un vy? 
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water 

re ¢ crest, ket would not be “moved, although of “4 ft. per sec. 

the dan{q within 1 in. of the ‘edge o of the bucket. Eddies, however, could be produced by’ 

nditions ight that would sw sweep out all the sand so 


may 
ufficient & W ith reg aner to to the Gilboa Dam, it w ould be admittedly somewhat ond 
to utilize readily the hydraulic jump t throughout the entire length of struc- 7 
ture, but it appe ars from such data as are available that at least two-thirds of oe 
re very the dam could have been built as a smooth-faced ogee spillway without — 
t to the and th the water from this part of the crest directed into a cushion pool. It is 


cal con- reasonably certain that a fa far) more ficient’ method | of absorbing the ‘high 


he V to 

| height ceboard 
lam 

dam to 

ring its of 110 000 sec- ft. could been “reduced to 900 assum ng 


is to be weir ‘coefficient of 3.90. which is re reasonable. At the maximum. section, the 


in these discharge would be 121.5 sec-ft.. per foot of crest, the velocity of the water 

on well, the toe of the dam about 98 ft. per sec. | and the depth, at the section at which - 
this velocity exists, 1. 24 ft. According to Unwin’s formula for the jump, _ 
the depth of the jump for these conditions would 


st ‘solu 


oncrete, a dam not than 40 from the ma dam required. 


curves, 
) ft. per 
ooth as. 


and into hen main or of ‘the 


destroyed by use ofa stepped profile for the dam, the actual method to = 


used to be developed by comparative § studies. 

ay ‘The writer hopes soon to publish data on the conditions a at t the toes of two. 
overfall dams 200 ft. high, completed in and 1919, respectively, which 
poe ben been subjected to several floods since their completion. In certain parts 
at certain times, natural water depths h have not permitted 1 the jump 
oh ak develop, and high velocities have occurred resulting in considerable erosion. a 


Tn time, natural cushion pools will be formed below these dams, and re oe 


moteetion will then be obtained against continued erosive action without sec- 
suffi. ondary dams. In any case, he hopes more information will be derived on the 


t su 


iia problem of endowing high overfall dams with the longest possible | 


yriter’s Merriman, *M AM. . Soc. C. (by letter) The writer has 


bucket J long been convinced - that the “use. of accur mi ‘ale models in the solution of 
fill the oe problems involvi ing dynamic effects will give better results than can 
water 


Under 


= 


249 
= 
— 
~ 
‘the dam toward its ends, not more than 60U Tt. of the shortened crest coulc i - 
be protected economically by the main cushion pool. 17 he discharge for the 
remaining 300 ft. of crest would have to pass into cushion pools set step- 
ergy _ 
| 
“iter 
| 
| 
|. 
by the Secretary, January 10th, 1923. i 
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— possibly be secured by abstract theoretical | considerations. During the greater 
_ part of the work so well described by - the - authors, he was in close touch with 
the experiments conducted by them and will refer briefly to the cause which 


. he believes 1 to be responsible for the dissimilarity referred to in | the paper as 


er passing the crest, it has two such “surfaces. — For the same length of 


rein irrespective of its crest w width and of the depth of flow, _ the i increase of 
free surface will be the same. . ‘As surface tension as between water and air 
is a constant for each un unit of area, it follows + that, , when the surface is sud- 
_denly doubled, energy must be ex expended. ‘The a amount of energy expended in in 
“the formation of the under side of the ‘nappe_ is ‘proportional t to its: ‘surface 
area and : as this ¢ ar ea, in turn, is proportional only t to the weir length, it appears 
“that the | energy” ‘required for the formation of the under side of the nappe is 
proportional to the seale: of the model. Tt follows as a necessary conse 
- quence ‘that models of different scales will not exhibit the same characteristics 
for r all depths « of flow ov er them . The thinner the sheet the greater will be the 
divergence from true similarity of behavior. — ‘This difference is clearly shown 
in Fi ig. , where the ‘divergence for the proportionate depth 3 ft. is 
materially greater than that for the proportionate depth of 6 ft. i 
ull _ ‘The dif differences observe ed are due to the fact that the energy required to 
form the under side of the sheet is a constant for each unit of crest length. 
_ The thinner the sheet the greater will be the ratio between the energy required 
tee its formation and the total “energy in the vertical plane of the weir c rest 
4 that is, the energy remaining : after the ‘nappe has been formed will be least, 
per) unit volume of the sheet, for the thinnest sheet, and, in consequence, the 
_ thinner t the sheet, the less far will it be projected. Approaching the limit of zero 
- thickness the 1 nappe, instead of being projected beyond the « crest, would either 
_ fall straight downward or be pulled inside the vertical. This is a phenomenon 


7 which the writer has often observed, but which is much complicated | by the 


—_ tension as between the material of the y weir + crest and the water which 
ail has a different value from 
ee factor of of surface tension is noticeable only at ot shallow depths of of flow, 
and it is only at such depths that marked dissimilarity is observed. he 
: ferences which were noted at greater depths are those naturally incident to. 
‘errors of observation, which include not only the personal equation of ‘the 
~ observer, but also differences due to changes in in the direction and intensity | of 
ie the wind as well as to errors in the setting of the ® measuring apparatus which 


Be is of interest to note that the value of the surface eins as quoted by 


on a wi eir erent has one free surface; but ‘immediately 
aft 


Besant} is 7.83 ‘mg. per mm. of length. This tension, if multiplied by ip 


> Tate at which the nappe is being formed, will represent the energy required for 

“the formation of the sheet p per ‘millimeter of its length. _ thie energy is a sma 
F proportion of the total | energy of the system and for : any y appreciable t thick: 
ness of the nappe- is entirely negligible. At heads, however, i 


* Proceedings, | Am. Soc. C. E., September, 1922, Dp. < 
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THE COMPARISON OF ( CONCRETE GROINED ARCHES 
— 


AS ‘AN AID IN THEIR DESIGN 
Discussion* 


By Tuomas H. Wiccrn, M. A. Soo. 0. E. 


H. Wicarn,+ M. Am. Soc. C. E. + 
conerete in filter and reservoir roofs, was fairly » well standardized i in the seer 
from about 1898 to 1910, when the large slow sand filter plants at , Albany, N. Y,, ” 
Philadelphia, , Washington, D. C,, Pittsburgh, Pa., and Springfield, “Mass., 
as well as a number of smaller plants, » were being planned a and built. Probably - 


few engineers omitted the rather farcical process of drawing of resist-_ 
ance, but a ‘crown thickness of 6 in. appears to have resulted in all cases except 


where unusual conditions existed, such as an additional structure to be ‘sup- = 


ported by the groined roof. Spans, rises, and depth of depressions over piers 


were and are e subject to considerable variation, the | tendency being toward 
longer spans, and the author’s tables and diagrams will 1 be useful in showing - 


the siccasaliaens in many existing plants and the relative economy of various 

combinations of span, rise and depth of depression over pier, | as shown by as 


figures giving average thickness of roof. 


A table giving the dimensions of _twenty- seven groined prepared by 
pees Metcalf, M. Am. Soe. ©. E., was published in 1903.§ This table was a 


extended by Morris Knowles, M. Am. Soe. OC. E., and, by the writer, 


“and is ineluded i in the writer’s paper entitled “The Conerete Groined Arch”. 


| On pa page , 1666 A the author refers toa condensed. report of this paper x. This 


4 


table, a as extended, ¢ giv ves data on forty-four groined arch roofs, about: twelve of :. 
- which are enumerated in the author’s list of thirty i in his Table 1. Data on 
about sixty- -two roofs, therefore, are available in the two tables. The writer’s = 
= also gives data on floors for fifteen of the forty-four cases. Se oa 
author’s Paragraph (b), on page 1669, explains i in terms ‘the 


[e of spacing and height of piers on the design of. roof. It would be useful 


& if he could include a table or diagram showing quantitatively the effect of 
Span, The comparative takles and diagrams relate to a single span, namely, 


17.96 fi., and the statement, on ‘Page 1671, ** that ‘it will also be | found that 


average: thickness decreases directly with the span” A is not apparent from 


pa * This discussion (of the paper by Philip O. Macqueen, Assoc. M. Am. Soc. C. E. , pub- 
ished in October, 1922, Proceedings, but not presented at any meeting of the Society), is_ 
‘printed in Proceedi ings order that the views expressed may be brought all members 
forfurther discussion. 


¢ Cons. Engr., New York City. 
Received by the Secretary, 21st, 1922. 

§ Journal, New England Water Works Assoc., December, 1903, 1 
Proceedings, ‘National Cement Users Assoc., 1910, p. 246. 


Proceedings, Am. Soc. C. E., » October, 18 1922, 
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DISCUSSION ON CONCRETE GROINED [Papers 
the examples from practice given in Table 1. | Thus, compare Lines 21 and 30 
of Table 1, as follows: 


) 


Average thick- 


Rise of 


intrados || 
centerof 
columns(2c 

in feet. 


Crown thick- 
ness (ft), 
|| 
om center to | 
ness of roof, 


50 | (0.50 5 0.249 | 0.68 
50. 20.29 | 0.258 3 | 0.675 


In ‘Line 2 21, "the » pier capital is is % 67 by A 67 ft, the | area of which 
eo roof area; in Line 30, the | pier capital is 2.33 by, 2. ft, the area 

is: th of the roof area. ‘The relativ ely large” pier capital in the 


‘referred to in Line 30 30 evidently had m more e effect. on the he quar ntities per square 


make the comparison complete, quantities in piers should included, 


in walls, in that ca: case, are affected by rise of he 
‘some cases, _ head- -room near the piers or the assumption that the water level 
shall not be above the springing line, complicates the comparisons. 
Quantities in floors should also be ‘included in e economic | 
unless the reservoir is founded on rock so. that the floor does not have to support 


the pier load. Analyses of stresses in groined floors are even less satisf: actory 


Int the interesting pursuit of | theoretical economy, it is easy to forget some 
practical limitations. Thus, the depression over the pier, h in the author's: 
tables and diagrams, increasing the depth of which is so important in securing 
a economy | of material, is a trouble i in construction. — The deeper this depression 
ty: 

a relative to the span, the x more ‘difficult it is to keep the concrete from sloughing | 
into the depression, also, the greater the chance of unintentionally robbing the 
a arch of thickness at the haunch and the dryer the concrete must be. F Further 
a more, ramming or on the slope makes the concrete slough into the depression. 7 
_ Forms for the depression have been tried, but only experimentally as far as the — 


writer knows. ¢ Concrete workers on groined arches become surprisingly skillful 


in forming these depressions, yet it would doubtless be true egonomy | to limit 

- the steepness of the surface slope. It would be interesting © ‘to see a line of 

"practical limitation (similar to the deflection limit i ina table of floor- beams) 
P added to the tables and diagrams o on the basis of surface » slope. Ac contractor 
7 at his own expense would generally prefer | to fill exaggerated hollows some > 
ae what. Probably, it w ould be better to assume a tangent of a certain slope at 


lower end of the parabola o of the extrados: instead of extending t the pi 


p. 408, 
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7 opposed by the thrust. ofa side-wall having a section about like one-half an_ 


Paper DISCUSSION ON CONCRETE GROINED ARCHES 


The writer’s ; paper, to which the author a ‘sentence: “The 
-groined are h, although used centuries ago, remains a purely empirical type of 
_ structure, designed, or ‘speaking more accurately, drawn, without satisfactory 
poner gd analysis and used without n much knowledge « of the factor of, 

safety. The author takes a similar view and concerns himself with compiling 
aids for empirical design. |The writer treated of certain other theoretical and 


practical problems i in groined roof construction, that are related to design a and 


At the ‘edges of a filter or reservoir, ‘the thrust of a groined arch i is often en 


horseshoe- -shaped aqueduct. The “active” thrust from this side-v 1 vall 


fest, the ‘ ‘passive” ’ resistance of the earth against the side- wall i is “called into a 


play, or the groined roof supports itself partly by cantilever action. | Shrinkage | 


and change of temperature of of the roof are sufficient t to cause e the construction — 


', knows that 2 a short arch, even 


the ties afforded the straight elements. of the a arches. at right angles 
are considered, it is evident that, during the colder weather, it is only after 
the formation of vertical cracks along planes approximately joining piers that 
the ‘groined | roof can act as a rough voussoir arch. The writer has observed | 
“many” such -eracks. ‘These eracks are not ‘dangerous, unless” they happen. to 
“occur on a slope such as to release a section of roof and allow it to fall. It is 
“only this latter occurrence, which happens very infrequently, that would deter 
w writer. from using a arches 3 or 4 i in. thick in some situations. The 
“the: rise, the less the danger that pieces may be released. F Doubtless, the load — 


by arch action the earth» covering, (or, perhaps, beam 


and horse- drawn rollers could move near free edges. of 


comparatively light c concentrations. urthermore, strips of roof were | 
constructed monolithically and a traveling load would be by several 
-sroins aiding each other. Foremen’s stories of long unsupported edges of 
groined arch roofs, covered nearly to the edge with full depth | of earth fill, 
could x never be substantiated by the writer. In order to obtain an idea of the 
cantilever strength of concrete groined roofs where they, are not supported by 


arch ¢ action, several isolated groin units, symmetrical about a pier, were built. 
and tested in 1905 by the Bureau of Filtration of Pittsburgh, Pa, af which 
Morris 1 Knowles, M. Am. Soc. C. E., was then Chief Engineer. The work was 
done under the direction of the writer, then Divi ision Engineer. W. - A. Bassett, 
XM. Am. Soe. E., was Assistant Engineer - in immediate charge of the 


“struction a and testing. These tests have never been and by 
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DISCUSSION ON CONCRETE GROINED ARCHES 
wT 

ment with Mr. Knowles are presented 
Is a part of this discussion. 

"Most 0 f the data are from ‘Mr. Bas- 


ee 's final rep port t dated cbruat ebruary 13th, 


Ine groin 1 units, 
square, were ‘tested. Fi ig. 5 and T: able 


give the dimensions, breaking loads, 


and deflections of these groin units. , = 


Fig. 6 gives sketches of lines of 


fracture for Groins Nos, 1, 2, 4, and 


6. Other data are as follows: 


TABLE AND OF 15 BY 15-Fr. Groin UNrrs. 


Breakixa Loap Excivsive 
7 a OF DEAD WEIGHT AND or Sand 


Thickness at| Thickness flection at} Usep in 
Groin No. crown, in over pier, ¢, Age, in days. edge, it ——=v 


Total, in Pounds per 


Broke on removal of form, 
Concrete 6 days old. 
4 Broke on removai of form. 

Concrete 18 days old. 

35 005 | 50700 
40 3 004 
0. O05 #9 900 


+ Aggregate composed of sand and blast- furnace slag, proportions, 1:21 : 534 
Rise of extrados, h, is2tin.,or1.75ft.forallnine groins, 
§ Deflections are not regarded as very reliable. ae do indicate that deflection was sill 


of 1:3: te, 8 ft. square and 3 ft. thie ‘h, were 

built. in ‘excavations made in the fill of blast- furnace slag at ‘the ‘Tsal thella” 

furnaces nea P ittsburgh. The fill was 1s firm, but subject to. slight jar 
“gy Dimensions sof Groin Units. —T he bearing on piers was 22 in. square, dea aving 
a clear semi-span n of 6 ft. 7 in. -» SO o that the full s span would be 13 ft. 2 in. The 


_ rise was 3 ft. in all cases . These « dime wa: ons were the same as those used in 


- constructing the filter plant and are given in Line 14 of the author’ s T: able 1. 

- The crown thickness was in general 6 “a an Groins Nos. 3 and 4 had thick- 

“Nesses 0 of in. and 3 respectively." The de of depression, or rise of of 

~ extrados as the author names it, was 1.75 ft., but the bottom of the depre ssion : 

was filled in slightly to a flat surface to make a . bearing: for the anchor-bolt. ~ 

 Groins Nos. 6 and 8 were reinforced with a single #- -in., Thatcher reiu! force 
ing bar, whic h was placed near the outer edge at about mid- height in the 6-in. 

thickness. It vy was, therefore, in the of | a “square, but the corners we 

rounded. of fracture of. ‘Gre No. 6 on Fig. 6. 


tes 
dr 
Ne 
W 
gw 
- p 
| 
i 
a 
‘al 


DISCUSSION ON CONCRETE GROINED ARCHES 
Ce ment Used i in high cement was used the standard 


gave the results shown in ‘Table t= 


Use Lin C for Groin Units.— In general, sand and gravel 
dredged from the: Alleghe my River were used. one nee, mi ‘namely, Groin 


No. 9, the gravel was replaced with blast- -furnace slag, ag, a vitreous, — 


somewhi it porous material, much lighter than gravel. Allegheny River sand is 


ds per 
foot, 


, were 


a B "Initial vobable 


GROIN No.4 


14 


well g graded and not too fine. The writer, unfortunately, has no records of the 
‘mechanical analyses catia. | The grav vel is sound and hard, but rather flat, 
and j is s well graded from fine to coarse, the larger stones being about 14 in. F. 
Quali ty of Concrete in Groin: Units—The concrete w as 1s mixed 


thorough ly. strer ength i is indicated by the tests | given in Table 7, of bes 4 
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in. square in section, , made with concrete mixec 


j 


F CEMENT. 


SAMPLES REPRESENTING W V HOLE SHIPME NT OF 145 Beis: 


LES FROM CEMENT IN PARTICULAR 


Groins Nos. 1 to 8 were. made of 1:3: 5 si sand and ers — concre we. and 


a. Groin No. 9 was made of 1 part cement to 24 parts sand to 53 parts blast-— 
furnace slag. Mue +h water was equired for this latter mix, possibly on ac 
of the porosity of the slag. 


E STS OF 6 By 6- IN. Beams FROM CONCRETE 
MIXED D FOR Grow Units. 


in days. Span, in ine shes. “Center load, pounda per 


The groin win probably did not set a as r apidly as they would have in ge 


oral | in the filters, because there was no drain from the depression, and the 
peer’ summer rains ke pt them filled y with v water much of the time. — ‘The con- 
crete, however, appeared 1 to be fairly well set and strong. = 
Le ests of Groin Units.— - was piled under the groins leaving a spxc ce of 
- only about 3 in., in order that the impact of the fall might not break them ‘into 
smaller p pieces and disguise the lines of frae ture produced by the loading. no 
spite of this precaution, it is known that n many of the cracks shown on 1 the 
yrams of fracture, i in Fig. 6, resulted from the fall. The fall Ww as di fficult 
watch, but it is known that the | ‘initial break i in. nearly all cases took place 


near the center of a side. _ Howe ver, Groin No. 2 which was the 2 strongest, 
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appare ntly. broke first nearer a groin: line than the center of a side. Groins 


Nos. 1 and 5 erae ‘ked before : any load was applied, owing perhaps to a 


stresses OF jarring, or to a combination of these causes. Final failure took 
place at the same crac ‘ks under a light loading. Groins ‘Nos. 3 and 4, respe 


n. 


tively. 44 and 3 i . thick at the er crown, , fell down when the forms were removed, 
which was done at 6 days and 18 | days, respectively. 


e.. Iron, in pigs weighing about 100 Ib. each, was used i in the loading. ‘These 
pigs were piled corncob fashion on isolated wooden bases, 22 by 24 in., sym- a 


‘metrically placed | on the level bed of sand with which the depression in the 


groin had been previously filled led. — T herefore, no tying strength was afforded 


x It appears to be a safe conclusion that groins oe of good concrete and 


‘supported on piers about 15 ft. apart, will ¢ about sustain a fill of 2 ft. of earth a 
without developing arch action. the gi groins are generally” concreted 


reater, owing to the effect « of 


measured by tests of — 


steel 1 pulled « wa. Groin the steel was s flattened, drilled, and fastened 


4 


r at the splice with a » of 3- in. bolts. he steel broke at a bolt 

hole. It would probably have been better to put the laps at. the e corners, 

although the best groin—No. 2—broke at and nes wr the corners. Com 


| 


indicate that ‘such a small ‘quantity ‘of steel would not be very very effective in any 
case, ( ‘antilever action of groined roofs i is. unnatural, being inconsistent with | 


arch ac tion, § Steel placed to aid cantileve er ac tion would be of ‘use se only to take 7 
construc tion stresses occurring net ar edges. here e are better w way 


less h than 1: : 2.5 5: 25 is a little oy over- -eonservative, writer believes, as most 


gtoined roofs have been built of 1:3:5 concrete, or of conerete of equivalent 


author’ statements as to the relative economy of the arch 

and reinforced concrete. roofs are doubtless’ correct. wh The writer’s 


wstimates of relative cost, also oun in the paper referred to, showed that 
the reinforeed concrete beam and slab roof | costs about double that t of the 


gtoined arch roof on works sufficiently large to permit repeated 1 use of the forms. 


ag 
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“WATER POWER PROB 


4 By Messrs. Ly L R. , and 


ow ILLIAM T. Lyie,t Assoc. M. AM. Soc. C. E. (by letter). 4—To the writer 
— leading thought in these presentations ns of engaee aspects of the W ater 
Fow er ie oblem is ner in the last word 


others, w he uses, in or to bring out the nature of ‘the and 

its bearing on the nation-wide “problem of gener eral internal improvements, 

T hese are “ “e0- -ordination’ ’ and ‘ “conservation”, A and to tl them the writer would 


add still another, n namely, “ control”. 
If Engineering is to be was Civil 3 in ‘the charter of 
the Institution of Civil 


of production and traffic”, this be understood to. possess 
7 broader significance than that attached to it heretofore. The modern engineer 
utilizes not only the powers and materials of Nature; he utilizes human, social, 
and legislative powers as well.. Hei is no longer content to concern himself with | 


_ technical matters alone; he nwust be more than an administrator of other men’s 
we deter minations; he: must be more than a counsellor and guide; he must - possess 


the well- rounded ag gressiv of the business man as well. These 


‘tis high type. In the interests of National betterments, “however, 


the future wi will probably bring to light engineers ¢ of s still broader v ision mand 
still greater. opportunity in the management of the mutually dependent “mate: 


— Co- Operation —Mr. Hogan has clearly shown the importance | of a con- 


nected system ¢ of water powers whereby a needful and profitable interchange 


oof power can be made between plants of different characteristics ; he has 
- pointed out the value of selective development, indicated the nature of a com- 


munity of interest, ‘and shown how available powers. can utilized 


secure a maximum economic return from each stream. 


Co- -operation in the w rater power field, however, is not enoug igh. Th The e problem 
: ‘should not be limited to the ‘supply of existing demands; the dem auds also 


{ Prof. of Civ. Eng., Washington and Lee Univ., Lexington, Va nes ; 
Received by the Secretary, December 12th, 1922. 
§ Proceedings, Am. Soc. C. E., November, 1922, P. 1741. 
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THE WATE R POWEE ER PROBLEM 


may be ere eated. WwW hens power is available, it should be put to use. ‘This result 
can be brought about through legislation and appropriation which bring” to- 
‘gether the producer and the “consumer to the great advantage of both. No 

A better way of accomplishing ‘this can be found than in the > construction of 
‘State and National highways through unimproved country. — This applies 
-especi ially to the Western States where also irrigation, a concomitant of water 
power development so often is necessary. _ The extension ¢ of the economic 


limits of high- voltage transmission make possible the « opening of new districts. 


west of their location with reference to the source of power. rs as 
Co-0 Ordination.— —Power development, irrigation, flood control, water supply, 
eanalization, and National parks are not separate considerations; = they should 

> writer be parts of one big problem and should be dealt with in their mutual peewee 


Ww ater ence as interlocking interests. _ Independent operations | in these several fields 
Hogan, are not productive to the | general public of a full return for the m money ex- 


we! 
— Conservation - 
ements, power while it can be had, but also” iio’ to conserve the National supplies. 


- would fm of coal and oil. As far as conservation is concerned, water power, water aan 
a supply, and fc forest preserves may be grouped together. By conserving one 


3 
rter of resource, the others may be conserved also. | 


great Control—The harnessing of a stream for power involves a bene- 


ficial regulation in the interests of flood control, irrigation, and 


much Supply farther down the valley. Among ‘other advantages may be ‘mentioned 
ngineer the stabilizing of channels, improved navigation, better sewer outlets, 
‘social, advantageous conditions for bridges, elimination of i fice gorges, and - better heads 
during flood conditions for low-head pc power — on the ee reaches of the 
Farwswortu,* Assoc. Am. Soo. me C. E. (by letter) 
oved June 1 , 1063), known as 


Federal ater Power Act’ has had 1 more the ‘usual allotment of troubles 
rineer 


hy . 
wever, 


_ in its operation, beginning with the tardy date of its approval and continuing — 
to include the ‘re realization that no personnel had been provided in 


a 


si Land | Otfee having predicted that ‘no doubt the personnel problem would wwe 


to be one of the weaknesses of the oil- leasing system. The Water Power Act, > 
however, is very ¢ comprehensive i in its terms and was conceived generally in — 


sound judgment. is to be regretted that our lawmakers did not give as 


careful attention to the legal and administrative features as did the engineers 
to the technical sections, which are excellent. There is much assurance to be 
found, however, in the fact that the Nation has as the active administrative 7 


heads 0 of Federal water-power development and of reclamation by irrigation 


‘*Member, Manual Board, General Land Office, , Washington, DC. 
Received by the Secretary, December 26th, 1922. 


V “Oil Land Leasing Law of the United States”, by Clay lay Tallman, California Oil World, — 
an, No, 662 (2d Edition, May 26th, 1921), p. 78,00 
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DISCUSSION ON THE ‘WATER POWER PROBLEM Pape 
two engincers of outstanding ability, who are operating in their ir respective in 
a fields with a broad view looking to the early development ¢ of th the water resources 
ofthe country, 
In a recent deentgiien?. of the new newly invented 100- an. triode vacuum tube, und 
Mr. W. G. Housekeeper’ important new method of making metal-to- -glass sedi 
seals is explained. | - Dr. Irving Langmuir who, by means of the construction Plat 
of a series of five 20- kw. vacuum | tubes, used in the place of alternators, deb: 
recently transmitted radio messages across the ocean, has also discovered new tion 
processes, in -conjunetion with Mr. J. H. Payne, | J of the General FE leetrie mer 
fore 
of power over great ‘This super- whieh clan 
: weighs only 60 Ib., is described as a two- electrode tube, and it acts as a re setifier of 
current, and not as an oscillator, also depending, however, on the ject 
_ process permitting the coalescence of glass and metal. ” Dr. E. F. W /. Alex: 18st 
ander, Chief Engineer of the Radio Corporation, is quoted i in 1 press dispatches: HO. 
as | stating that these tubes will soon take the place of alternators in ‘power 
transmission, , and predicting that the transmission of electric power from he 
Niagara’ Falls to New Y ork City by means of these tubes is a possibility of an 
itut 
future. Dr. Langmuir also states that ‘ would be rash to predict the 
limitation of the ultimate | use e of ‘vacuum mi in the power field. * 
It would be a curious comment if, by the time Congress has ica Sec- i 
n 2 of t the Water r Power Act as” to provide for adequate personnel in 
order to make it effective, , engineering inventive genius | has created ed the x neces | ee 


sity y also for the amendment of other sections of the Act i in order to provide . 
7 _for new conditions, of possible development by | science, in the hy draulic plant. 


‘The preliminary factors of safety essent tial in proposed water- 


es 
development the following considera 


—Feasibility of the prc project: 
(a) —Physical: Proper the location of power 


(b). —Financial: Satisfactory market load centers at available 


2— —Authority to to proceed and control of the e premises, 


subjects in Section 1 of the foregoing considerations have 


been by the others in this ‘Symposium. 


hi to ‘certain requirements of ‘the Federal 1 Water Power Act, and he 


@ will endeavor to set forth the principles, ignorance e of which often causes those 
“pitfalls sometimes encountered and which with ‘prompt may 


avoided, that are involved i in the “control of the premises” , as they ‘are con- 


-. _* By Dr. William Wilson, of the Western Electric Company, in the Wireless a (New 
York) ; ; Literary Digest, Vol. 75, No. 8 (November 25th, 1922), p. 26. Bir 


Literary D Digest, November 25th, , 1922, Pp. 27 27. 
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DISCUSSION ON an & WATER POWER PROBL 


Commerce. PowrR 


The Constitution. —Reeall, for a moment, the period from “May to Septem- 
ber, 1787, when the Constitutional Convention sitting at Philadelphia, Pa. _ 


eding ‘the inadequate Articles Confederation in favor of the 
Plan” offered by Edmund Randolph, of that State, which plan, after much > 
debate and many modifications, was finally adopted as the Written Constitu- 


4 ail 


tion of the United States. One of the radical changes effected in this docu- 7 


‘ment was that delegating to ‘Congress full ; power “to regulate commerce with | 


foreign nations, and among the several States, and with the Indian tribes”, 
vhich is to be found in Article: 1, Section Vil, Clause 3, thereof. “This” 
‘dause forms the basis for the | distinctions which | are drawn in the omeliin a 
of the bed and the waters of navigable and non-navigable streams. — The su 


ject. of commerce continues, af after a period of 186 years, to be a paramount 


issue i in Congress 2 as is evidenced by: the so-called “Ship Subsidy Bill” (H. R. 7 


No. 12817, 67th Congress, 3d Session), now“pending and in debate. 


Colonial times, the English Unwritten Constitution, common- law prac- 


| 


tice, and usage had prevailed i in America, and judicial ‘decisions 1 were based 


altered theory of government. The confirmation of John Marshall | Chief 


exclusively ‘on precedents established in English Courts. State Consti- 


tutions of the United States continue to be construed in the light of this” 
common, law, | inasmuch as the common law is regarded as having been in = 


existence prior to the Constitutions a and a as remaining afterward, limited only 


Justice of the United | States, in 1801, marked an epoch in the history of the 


Nation, inasmuch as he immediately proceeded to establish. the structure of 


American law on a firm and enduring basis, and for 35 years he bequeathed © 
to the future a great number of valuable decisions, in which the principles _ 


of American | jurisprudence are set forth with invincible logic and unvarying 


s Robert Fulton made h his trip up the Hudson River from New York City — 
to Albany, N. Y., in the Clermont, in 1807, and, for many ye years thereafter 
this fi first steamer continued to ply the Hudson, thus revolutionizing the old | 
methods of r river navigation n. The | Legislature of the State of New ‘York had : 
granted an exclusive right to Robert Livingston : and to Fulton to navigate 

the e waters of that State “by fire or steam” ,in consideration of their services 

in | making the steamboat practicable, and in | Gibbons v. Ogden (9 Wheaton, <2 


1), in 189 4, Chief J ustice Marshall delivered the opinion 1 of the Court i in one a 


the firs at Pronouncements of the restrictions | State. 


“navigation, This decision to serve as a etandard in the: 


a 7 * State v. Noble, 118 Ind. 350; Mattox v. United States, 156, U. S. 237. iv os ii Hee; 


“Int t See, also, Pensacola Tel. vw. W. U. Tel. Co., 96 U. 1; Texas & Pac. R. R. 
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. The Relation to Water-Power Development. —In the construction of wa 
_ power projects, the dams, head-races, diversion structures, other appurtenant 


_works, and the primary reservoirs, will invade the bed, the banks, and the | 


as Section (4), Sub-Section | tae of the Water Power Act provides, in part, 


that before the issuance of a prelimin nary permit to an applicant for a license, 
the State authorities shall be advised of the proposed action, and ‘publication 
thereof shall be broadcasted, locally, for a | period of eight weeks. Seetion (5) 
of t Act states that t the sole funetion ofa a preliminary permit is to secure 


‘the necessary examinations, surveys, maps, ‘plans, e etc., in order set forth, 


“clearly, all the conditions which obtain. Section (9), -Sub- Section (), of 


- the Act re requires 1 the e applicant for 2 a license t to submit satisfactory evidence s 80 


7 “bed and —_ ma to the appropriation, , diversion and use of water for power 


purposes,’ ’ ete. Ww hen the power enters into interstate or foreign commerce 

a certain regulation thereof is stated, in Section (20), to fall within the j juris- 


diction of the Interstate ‘Committee ‘under the procedure outlined in the Act 


"approved February 4th, 1887, as amended (24 Stat., 37 79). 
‘1: It is thus indicated that irrespective of whether the stream is nav 
non- -navigable, it has s always been sapenaenid for the promoter of a water- -power 


 devdlpunat to proceed i in accordance with particular Federal and State laws 
_ which apply according to the physical ‘conditions that obtain. wed id 


0. C. Merrill,t M. Am. So C. E. ited the cases of the S the 
Connecticut and the Menominee Pisses in the New England and the North 


Central States which, although determined o on investigation to be technically 


were held not to be navigable waters within the definition of the 
RS of the full protection | afforded the existing interstate com- 


merce by the laws of the particular States. ~ Federal licenses accordingly were 
required for power installations these streams. 


It ‘is fully Tecognized that the statement of as set ‘forth 
" = in Section (3) of the: Water Power Act, regulates the administration of the 
se provisions thereof and that, under Section (23), if the Commission shall find 


_ that substantial interests of interstate or foreign commerce are not affected 


4 


by the proposed ¢ construction of a dam or other obstruction across a . stream, 


a Federal license to proceed is not required. ‘This fact, however, should not 
be confused with the classification and ownership of the public or the State 


* See, also, for this subject, State Freight Tax, 15 Wall. 232. 


For State control over domestic commerce, see Welton ». “Missouri, 275 
Veazie v. Moor, 14 How., 568-574; Cooley v. Wardens, 12 How., 299. The police power -¥ 

 §$tates over either domestic or interstate commerce is explained in R. R. Co. v. Husen, 99 

U. S. 465; Chi Lung v. Freeman, 92 U. S., 275; State Freight Tax, 15 Wall., 232; 3H 


- Houston, 114 U. S. 622; Lake Shore Ry. Co. v. Ohio, 173 U. S. 285; License Cases, 5 How., 
504; Munn ». Illinois, 94 U. ‘Ss. 113; Commonwealth Alger, 7 7 Cush. 53; Lawton 


Proceedings, Am. Soc. 6. , November, 1922, p. 1762. 
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smeeption of of navigability, t that whi which i is conveyec ed ii in de fo" ‘owing z definition: + 


“The rule in this onan that navig gability in fact is. the test of 
savigability in law, and that whether a river is navigable in fact is to be 
determined by inquiring whether it is used, or is susceptible of being used, in — 


tg natural and ordinary condition as a highway for commerce, cover which 


ad travel on water.” 


& This definition is di istinguish 1ed in all the cases cited and i is enlarged upon 


in detail especially in the first two. The quotation itself i is taken from the = 


decision of the U. Ss. Supreme Court i in ¢ Oklahoma v Texas, United | States 
Intervener, No. 20 Original, delivered o: n May Ist, 2. 


of the bed banks and of riparian “Tt is not yet 
lished i in the volumes of U.S. . Reports, being found only in the ‘advance sheets 


thereof, the “Tawyer’ s Editions”, and also in pamphlet form. All the mumer-— 
ous excerpts, hereinafter quoted up to the Section headed, ‘Surveys: 


and High- ‘Water Level”, will’ be understood to have been taken this 


ag! or, where a specific reference to it is made : again, n, the 66 Ed. 


will be used. The river under consideration i in this decision is the Red 


River, and the details of the suit with photographs of the stream are — a 

ina paper by the writer, entitled “A Review of Important Developments in 4 

the Science of Cadastral Resurveys. as 1s Executed by the United States Govern- 


—Legal i nference of navigability, which is sometimes 


alleged | | to arise from the action of surveying officers in closing official a = 


‘yeys on the meandered lines of a stream, is held to have “little significance”.§ 


A similar inference is ‘not attached to those rivers over which Congress, _ 


permitting the construction of bridges, has added the p precautionary provision - 
there should no with navigation. | In like manner, those 


concern “for accuracy. course they their ‘must 


to ” 
to the actual situation as developed in “recent years.” 


i Decisions « of ‘State Courts are also sometimes referred | to as determining, 
‘that a river is s navigable i in fact: “The United States was not a 


Le *For public land States, see, Transactions, Am. Soc. C. E., Vol. LXXXV (1922), p. 573. | 

6 _tThe Daniel Ball, 10 Wall. 557, 563 ; The Montello, 20 Wall. 430, 439 ; United States v. Rio 
‘_ Co., 174 U. S. 690, 698; United States Vv. Cress, 243 U. S. 316, 323 ; Economy Light 

4 ower Co. v. United States, 256 U. S. 113, 121; McGilvra v. Ross, 215 » 78; 

Am. Soc. C. E., Vol. LXXXV (1922), p. 546.0 
Also. see, Barden v. N. P. R. R. Co, 154 U. ‘288, 320; Gauthier “Morrison 2320 


8. 452, 458; Harrison v. Fite 148 Fed. 781, 784. 


TAlso, see, Missouri v. ‘Kentucky, 11 Wall. 395, 410. 
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* 4 
bound.* There is in the opinion no statement of the evidence, so 
decision hardly can regarded as pers suasive here.’ 


_ The characteristics « of a stream are frequently represented 8 so as to estab- 
lis 


confined to the irregular and short periods 0 of ‘temporary high water: | 
greater capacity for practical and beneficial use in commerce is essential to 


Navigable Waters.— —Although the United States has the power and ‘author 


ity to grant, for appropriate purposes, rights and titles below the high- oie: 
‘mark along: and under 1 navigable waters in the ‘Territories,t it is 
“not to do so, but rather to leave the bed and waters of navigable streams free 
from any ‘ easement of the upland proprietor. $ In virtue of the constitutional 
rule | of equality among the States, ‘each new State ‘becomes, on the date of 
its admission into the Union, the owner of the navigable waters within its 
‘boundaries and of the land underlying the same, 7 an ownership which was 
_ reserved and retained by each one of the original States. The ‘character of 
the State’s ownership in the land and in the waters of navigable streams i is 
the full propri rie tary right, subject, however, 1 to the primary « control thereof by 


the United States over interstate commerce and 1 navigation. Whether : a 


"grantee | any yee ets or interest in n those waters, © or in n the Tand under ‘he same, 
is a matter wholly of local law On such questions, the provisions ns of the 
Constitution and Statutes of the particular State involved and the decisions 
of its highest Court are reg arded as conclusive. as 
er Thus, | a State has title to the soil below ordinary high-water mark along 4 

navigable streams,tt and the shore is considered rather a part of the water” 


than” as land . The line x marking the true mean high- -water elevation of a 
stream is determined from the river bed, ‘and that only is river bed which the 


(47 Towa 370)), bank i is defined a as tl continuous 1 margin where 
\: vegetation ceases, , and the shore i “dl , de signated as as the sandy space between it 


n 
Wainwright (14 Penn. ‘St, The 


laws. of each ‘Btate, be investigated 1 to determine the owner- 
ship of the soil below mean high- water level along navigable streams. 


eA * Also, see, Economy Light & Power Co. v. United States, 256 U. S. 113, 123. = ye 
+ Also, see, United States v. Rio Grande Co., 174 U. S. 690, 698-699; Leovy v. Calta 
- States, 177 U. S. 621; Toledo Liberal Shooting Club v. Erie Shooting Club, 90 Fed. rel. 
397: Harrison v. Fite, 148 Fed. 781, 784; N. American Dredging Co. v. Mintzer, 245 : 
“Ee +t Brewer-Elliott v. United States, 270 Fed. 100; Irvine v. Marshall, 20 How. ail 
United States v. Winans, 198 U. 371; Prosser v. N. P. R. 152. 0.5.5% 
MeGilvra v, Ross, 215 U. S. 70-79; Joy v. St. Louis, 291 U. S. 332; ; Scranton 
Wheeler, 179 U. S. 141, 190; Kansas v. Colorado, 206 U. | 
3S | 66 L. Ed. 444; Scott v. Lattig, 227 U. S. 229, 242-243; Pollards Lessee v. | 
38 How. 213; Weber ¥. Board of Harbor Commissioners, 18 “Wall. 57, and cases cite - 
. ae { Shively v. Bowlby, 152 U. S. 1, 48-58; United States v, Mission Rock Co a : 
891; U. S. Supreme Court in Port of ‘Seattle v. O. & W. R. R. Co., January 31: st, 1 
+ St. Anthony Falls Water Power Co. v. St. Paul Commissioners, 168 U. s. 349. — 


ott Goodtitle v. Kibbe, 9 How. 471. 
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There is on this subject. Either three 


‘middle of the ‘current. For 4529 R. of the State 


“Except where the grant ‘under which the land is held indicates a — oe - 
intent, the owner of the land when it borders upon a navigable lake or stream, ale 
takes to the edge of the lake or stream at low-water mark * a pit oo a 


On 25th, 1895 , in Gibson v. Kelley (15 Montana 4 417, 422), the 


State Supreme Court held that rule always to have been the order in Mon- 


‘tana. Tn the State of Michigan, the riparian owner’s title is declared to 


= to the middle deed ‘of the current of the stream, irrespective of 
whether it is navigable or non- -navigable.* 
In pursuance of the » Montana rule, it niles’ that in this and in 
‘other public land States where ‘similar laws obtain as to the ownership of 
the shores along navigable streams, and where the United ‘States becomes a 


‘riparian owner to low- “water mark, the e right of the Government to survey and 


to dispose of lands 1 up to low-water mark would suggest itself, acting: as a 
‘trustee for its future grantee. The United States, however, has" wisely : 


abstained from extending Gf it could extend) its surveys s and grants — 


‘the limits of ordinary high water (Barney ve ‘Keokuk (94 U. 888) and 


is also” believed that there is instance in which the United. States 


after having disposed of: the land to ordinary high- -water mark has departed © 
from: the long- established rule of common law and, afterward, sien a right 
to dispose of the space between that and low- water mark (The Mayor of | 


‘Mobile v. Eslava (9 Porter, 578). 


ON on-Navigable W aters.— —In the case where the United States « lates the the bed o> 
of a non- naviguite stream, in in disposing of the upland along one or both of 

its banks, it is, of course, free. when disposing of the upland to retain all or , 

ee: part ‘of the river | bed; and, in any particular instance, the question of | 
whether it has done so is essentially, a matter of what it intended i in the dis- 
posal. t W here a contrary intention is not ‘shown by treaty, statute, or by - | 


= terms of its patent, the United States “will be reg? to have assented that 


* Butler G. R. & Ind. R. R. Co., 85 Mich., | 246. comment on this holding 
n 159 U. S. 87, 91, 96, relative to the lack of a prior adjudication by the U. S. Land — a 
in respect of the islands involved, 


- + Wilcox v. Jackson, 13 Pet., , 498, 516-517 ; -Tevine », Marshall, 20 How. 558; Gibson v 
_— ghouteau, 13 Wall. 92, 99; Utah Power & Light Co. v. United States, 243 U. S. 389, res : 
ean v, Calumet Canai Co., 190 U. S. 452,460. 


a we’ See, also, Hardin v. ‘Jordan, 140 U. Ss. 371, 884; Mitchell v. Smale, 140 U. 8. 406, 
508, big G. R. & Ind. R. R. Co. v. Butler, 159 U. s. 87, 92; Hardin v. Shedd, 190 U. S. 

519; Whitaker v. McBride, 197 U. s. 510, 512, and, Railroad 
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first ‘obtaining unanimous agreements of private riparian owners relative to had 
— the interrupted flow of the streams. He then explains the organization of Whe 
can the River Regulating District which is based on a mutual understanding 
among all the power owners along : a a stream. be » 


The Jaw Tecognizes certain rights of proprietors in the 


shir 
m.* ard, the 


of ‘the ‘States, and “onlinaily riparian proprietor along 1 non-navigable- 


“rivers y will take to the filum aque, or the center thread of the stream. a 7 - 

The terms, “middle of the main and. “mid-channel,” are ‘ofte t 

used in defining the limit of ownership. - When applied to navigable ssa: bor 


: - such terms usually refer to the thread of the navigable current, and if there 
are several, to the thread i the one best suited and ordinar ily used for navi- | Ste 


Inno non- navigable ‘streams, howev rer, which are without a channel of 


from one cut-bank to the other, which carries the water in times of pina 
tial flow * a os - the only real channel and therefore is the main 


—The proprietor of lands bordering along the banks of 


> 


or the additional frontage is the result of the 
_ deposit of suspended soil or of the gradual recession of the stream. - In pre- 
* par ing the plat of an or iginal official survey from» the field notes, the courses 

meander survey are represented thereon as the border line of the 


"stream. it is thus shown to a ‘demonstration, in sO > far as the original 


= 


7 streams, that the watercourse is the boundary, and not the line of ‘a 


“the meander survey, at the border of the upland. here, by action of the @ 


water, a river bed has gradually changed, the o high- -water mark also 


changes and the ownership of adjoining land follows with it.| 


ay Portions of the bank of a stream will often be swept away in times of 


] 
flood after the original survey of the meander lines and after the identification — 1 

the “surveyed units: of disposal abutting them. of these sur veyed 
tracts is will become thereafter a part of the river bed and others formerly non- 


‘riparian will ‘become riparian. In of non- ‘navigable streams, 
where’ the law of the State confers a riparian ownership to the center thread 


‘the stream, ‘even if tracts which formerly were riparian upland had. thus 
become river bed before their disposal, the proprietorship under the disposal 


thereof v would ‘reach to the middle of the stream, providing a prior disposal 


+4 Iowa v. Illinois, 147 U. S. 1; Okla. ». Texas, 66 L. Ed. 444. er. ae ¢ 
_- § R. R. Co. v. Schurmeir, 7 Wall, 272, 286-287 ; Minto v, Delaney, 7 Oregon, 337, 342. 


_ tl Minto v.  Retenes, 7 Oregon 337, 343; 11 Ohio 314; Steele v. Sanchez, 33 si Rep. 
867; Lockwood v, R. - Co., 37 Conn. 387; Grant v. Fletcher, 283 Fed. 245. | 
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had not already been made of the adjacent upland then actually riparian. 


When, however, the disposal of the tracts thus found to be situated in the 


river, bed is made subsequent that of the sub- divisions adjoining n 


“upland back of them, theretofore non-riparian, but which had become riparian, 


then the conveyance of these latter tracts, as a rule, will include the owner- 


MEANDER ‘Surv AND Hien -Warter LeveL 


2. 
will not be at the segregation line between dry 
and swamp or overflowed land, but at the ordinary high-water mark of the | 


setual of the river or lake on which such swamp or overflowed lands 
Ordinarily, all ‘swamp and overflowed lands have to the 
State under the ‘swamp- land laws | (See. 2480, U. S. R. Act of September 
28th, 1850 (9 Stat, These lands are clearly defined in Heath v. Wal- 
lace (138 U 

within the swamp ¢ or overflowed. lands. 

th normally ceased at the x margin of permanent water. 


- “Mean high-water elevation will be found at the margin of ‘ie an area occu 


pied by the water for the greater portion of each average year; at this level — 


a definite escarpment in the soil will generally be traceable at the top of which a al 


is the true position for the surveyor to run the meander line 


is. not in allie’ land surveys to a ‘stream 


™ such a manner as to reproduce all the minute windings of the true mean i 
high- water elevation, and, in practice, only the general courses and distances 


Correction of Erroneous Meander Innes. —When the United ‘States has 


_ disposed of the lands abutting the meander lines of streams, without reserva- 
tion i in the conveyance, it, as a rule, retains no further jurisdiction over he. _ 
- stream area, irrespective of whether it is navigable or non- -navigable i in charac- — 


ter, » provided, however, original ‘survey of the meander Tine was rea- 


which should have been have been left unsurveyed, either as a result” 


* Oklahoma v. Texas, etc., 66 L. Ed. 444. 


-_ ¢*Manual of Instructions for the Survey of the e Public ‘Lands s of the ‘United States,” 
™ Land Office, 1894, p. 57, and repeated in all subsequent editions. ts” 


___t Advance sheets of a revision of the “Manual of Instructions for the ‘Survey of the 
om Lands of the United States,” 1919, p. 218,00 


Sections 453 and 2476, U. S. R. Kirwan v. Murphy, 189 U. S. 35; Brown 


=<} [ Onset v. Powell, 126 U. S. 691; Horne v. Smith, 159 U. S. 40; French Glenn bee 
‘Stock Co. Springer, 185 U. S. 47; Miles v. Cedar Point Club, 175 U. S. 300; Tubbs v. . 
- Wilhoit, 138 U. S. 261; C. & D. Lumber Co. v. St. Francis Levee District, 232 Uv. 8. 186; 7 

Gauthier v. Morrison, 232 U. S. 452; Producers Oil Co. v. Hansen, 238 U. 8. 325; Lee 

Wilson & Co. v. United States, 214 F d. 630; 22 Fed. affirmed U. 8. Supreme 
Court, November Sth, 1917, 
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at ‘The ‘Beoretary: of the Interior, however, in oe case of The Marshall Dental 
| Manufacturing Company (32 L. D., 553), and in numerous other departmental 
the policy of the Interior or Department to be 


“The: has the power to correct surve surveys upon a proper showing, 
but, as has frequently been said, the proper rule is to refuse to disturb the 
_ public | surveys except upon the ‘clearest proof of accident, fraud, or mistake, 
_ where : a resurvey may affect the _ or claims of ome one resting — the 


Altho is ual physical 


an ‘survey hold poocodence « over ‘the posi- 


. thereof as indicated in the record field notes, is quite general in \ its appli- 
cation, an instance will o occasionally arise where an absurdity or a fraud 
e. developed in the strict application of si ‘such a a principle; in which ease, the 


courses and distances of the original ‘record x may hold over the original x monu- 
ments a If such a case ‘should a arise or other erroneous conditions are devel- 

oped i in the ‘identification of a a false original ‘meander survey, the “meander 
lines may then be held to have become a strict boundary. one 

- desire to investigate the degree of accuracy of the early meander survey 


err, 


along any ‘stream, for the determination of a possible irrelation when com- 
* pared with a true mean high- water elevation which ‘might clearly have existed, 4 
as such, at the time of the “original survey, the method of traverse adjustment — 


will be utilized for this comparison, such as is explained by the writer in his" 


paper, previously mentioned, covering the practice of the Cadastral Engineer- 


The Survey of —Artificial lakes and reservoirs, as a are not 


go at the of the admission of a State into the Union, 
at the date of the survey of the mainland, if omitted from said original 
survey, remains public land of the United States, and, as such, the anni he 


an ‘sland’ is formed on the bed of navigable 1 river 
qua to the date of the admission of the State into the ‘Union, the on to 
= island is vested in the State and not in the United States. alae 


oe This policy was also applied on October 30th, 1914, in a ruling on a 
‘for survey by the Klickitat White Pine Co. (Duluth 011106). 
a= Security Land & Exploration Co. v. Burns, 193 U. S. 167-179; Ainsa United States, 
161 U. S. 208, 229; White et al. v. Luning, 93 U. S. 514-— 524 ; Shipp et al. Miller’s Heirs, 

+ Transactions, Am. Soc. C. E., Vol. LXXXV (1922), pp. 544, 545, Figs. 9 and 10. 
ma Advance sheets of a revision of the “Manual of Instructions for the Survey of the | 

; Public Lands of the United States”, 1919, p. 217. See, also, McManus v, Carmichael, 3 a iy 

13; Wiggenhorn v. Kountz, 8 Amer. State Rep. 150; Hardin v. Minn. No. Ry. Co., 84 Fe 
«887; in which it was shown that the Government had treated the islands involved as separate 
Pollara Hagan, 3 How. 212; Widdicombe Fed. 293; Hardi 


Jordan, 140 U. S. 371.022” 
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. 
= = mainland fronting on any non-navigable body of water, all islands opposite § | 
thereto above mean high-water elevation are subject to survey and disposal. 
though the United Sitates mayy parted with its title to the adjoin- 
: _ ing mainland, an island in any meandered body of water, navigable or non- | 


ae purpose of embracing public lands along bodies of water held to have been ? 


er “erroneously ‘omitted from the original ‘survey, are generally not undertaken 
ly ‘the: General Land Office until after the receipt of a a formal application 


on m the 


It is not the purpose of thi this discussion to alarm the promoter or the owner = 


of any water- power project, inasmuch as all the laws which relate thereto are 
: a dministered with the broad view of encouraging such developments. — It is, 


- however, the part of wisdom to know the premises involved and to establish, 
e, the - definitely, the control thereof before proceeding with the expenditure of large” 2 
of money in project. construction, always remembering, where the 


_ may apply, that a naked, unlawful trespass cannot initiate a right to any part 


of the public domain,* and that ‘ ‘Possession not based on a legal right, but 
~ secured by violence and ma ntained_ by force and arms, cannot furnish the 


of a right enforceable in Jaw."+ 
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With the foregoing principles in mind, attention is | invited to Fig igs. 26 


“company which owns a completely installed ‘power unit of some magnitude, 
“one which is locally well known. ‘The > physical conditions exhibited in Fig. 
4 are identical with those w which are represented as existing. names, 
and other are are purposely 80 0: on 

ount of the pendency of the case. end 5 

This power installation was completed i in 1907, whereas the control of the 


premises was not adequately considered until 1922. The company holds a fee- 
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as 
on the plat of Fig. 26. The on in the 


3 _ natural Position for it at the outlet of a netasal basin and at the entrance 
+ to a narrow canyon which i is formed by the 1 river. Int this position, however, | 
east abutment may possibly ‘be found to rest on extant ‘Public lands 


‘Point for _ 


Jer 


nay Meander § 


North 


tight 


Li, 


outh 


+” 
- 


ane Line Sec. 2 


NE. 4 Sec. 2 


Ce 


survey of Lot 2 Fig. 27) and the mean water pore 
‘the river, is determined to be vacant land of the United 


mpany Property, would lie in the circumstance that ‘the side. 


the company has not already th the “necessary it may 7 
the title throngh either ; a special Act of Congress, or by proceeding under — 


the various: land laws, or, if an application for a license is filed, under Sec- 
tions 21, 23, and (24 of the Federal Water Power Act, immediate protection 
will, ‘doubtless be obtained. it is emphasized, that initiative in 


— 
— all 
= 
pa 
of 

—~ 

the land lying along the meridional mid®™ 1 line of Section 2, inside § 
tm 
be 
— 


actions rests’ po company. — case, the 
- past record of apparent indifference to o security does not indicate a high degree 


of understanding of such matters, or of initiation. Instances of similar im-— 
_ prudence may exist elsewhere, which are not realized by the parties 3 most in 
— interest. The hese cases may develop into situations of much greater complexity, 
with “reference 1 to the. inception of private e adverse rights, before they receive — 


hae fully developed and secured water-power plan i is the greatest of all meas- 


ures for the conservation of natural resources, inasmuch as perpetual benefits 
are made available thereby. enormous quantities coal, fuel oil, and all” 


other forms of fuel now being expended in the generation of steam, may be 


‘saved by the hydro- electric ‘Power developed, ‘irrigation of agricultural lands 
possible by the “use of the water leaving the power wheel, and the 


: “possibility of destructive floods is reduced through the —— and control of — 


The potential water power of all the streams of the United States is s not 
a matter of accurate knowledge. Total amounts will vary widely according — 
to the particular basic assumptions of each estimate. — ‘The most comprehen- ; 
the 
sive survey of both the developed and the - undeveloped water- -power resources _ 
this country is that accomplished by the Government, and which to be 
Report, of the Secretary of Agriculture dated ‘January 20th, 
: 1916, andy published as Senate Document No. 316, 64th Congress, 1st Session. 
This: report is the result not only of independent corrective investigations 4 
ii in 1915, ‘but also of studies and additions ons accomplished by several 


a, rom ‘page 17 of the report made in 1916 by the U. S. Forest Service, one 
- finds that the total undeveloped power resources of the streams of the United — 


— is “conservatively estimated | at a minimum of 27 943000 h. p., and a 
‘maximum of 53905000 h. p. The minimum amount represents” continuous 


= 


4 power at periods: of lowest flow, and the maximum, the average power avail- -_ 
during one-half the time. The use of storage was not considered in these 
estimates, and the efficiency of the water-wheel assumed at 7 per cent. 
side ‘ Ine contrast with this amount, an n estimate based v upon other assumptions 7” 
t of a ist! hat repeated by ‘Mansfield Merriman,+ M. Am. Soc. C. E., which states that — 
wit 7 the total potential water power of the United States is 200 000 000 h. p a M a 


hen Hog ant estimates that 2 000 000 continuous h. p. represents one-half’ “the unde- eo 


~ velo ped potential energy of the Niagara River; various other engineers con- 
- sider that 4.000000 h. p. may be. developed at an economic cost in the State 
of, California alone, and } M. M. O’Shaughnessy,§ M. Am. Soe. C. believes 


“that a a close estimate of all the possibilities of that State lies between 8 000 000 


Report, in 1908, of the Bureau of the Census to the National Commission 
a Doc. No. 676, 60th Cong., 2d Session) ; report, in 1908, of the U. S. Geological — 
Survey, also submitted to the Conservation Commission (Water ‘Supply Paper No. 284); 


ren of the-Commissioner of Corporations, dated March 4th, 1912; ; and the report, in 1916, 
of the U. S. Forest Service (Senate Doc. No. 316, supra). 
+ “Treatise on Hydraulics,” 8th Ed. (1907), p. 371. 

Proceedings, Am. Soc, C. E., November, 1922, p. 1741. 


Proceedings, Am. Soc. C. E., December, 1922, p. 1881, 
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PROBLEM Paper 

has been made that, in one — steam plants of New 
City, each horse- -power developed “now costs about operating 


year. If this estimate | is only approximately correct, it is fully realized that 


the. development of the power resources of our streams is the big problem, the 


answer to which represents one of the most impending needs of this” country. 


The enactment of the Federal Water Power Act is a long step tuward the solu-- angi 

SWAREN + M. Am. Soo. CE (by letter). +—These papers cover every 
oil of the water- -power problem, except the obtaining of funds and the rela-. ae 

of the investing public to programs of extension, that 

; _ Int his | paper on the “The Prospective Competitor Method of Valuation of Bot 

_ Property”,§ M. L. Byers, M. Am. Soc. C. E., discussed « certain features of ot cert 

‘Tights: of existing investors. equal or greater import are the rights of ihe 

i - investors in new projects. They should know that the ie market i is large enough of 4 

to absorb the new unit which their 1 money, is developing and that the future det 

<i growth of revenue- e-producing load will not be outstripped. by increased com- mos 

development, or, perhaps, completely ‘dissipated before the net rey- 


od Rate- -making bodies are not inclined to look with h favor on rates sufficiently 7 
high to re-absorb such deficits. Yet such rates are as real as interest on bonds | 


- during the construction period and, on the basis of prenaat worth, as amenable e 

is On the other hand, on seales of insuficient : size are likely 


ine 

= 


‘power which the new station can contract, can yi be ‘marketed at ta price 
lower than operating expenses. _ As a | result, 1 ‘more than one- -half the station i is 


C. Merrill, | M. Am. Soe. E., mentions that certain are not 


undertaken: because of lack of funds and insufficiency of personnel, more 
“particularly appraisal work. The writer would like to draw his 


rapid method of. that is proving successful where appraisals are 
_ necessary in determining income taxes. _ The books o f the company are taken 
as a basis—costs’ being checked by auditors—a brief physical inspection is 


made by a an engineer to determine the general conditions of the original = 


struction and of present-day replacement methods. Factors: based on general 


economic studies are applied to determine present- -day ‘physical values. An 
economic study is then made of the particular company, and curves of “ex: 


Tee Dr. Edwin E. Slosson, of Science Service, in its Daily Science News Bulletin (Wa: te 
D. C.) ; Literary Digest, Vol. 75, abe 9 (December 2d, 1922), P. 25. 
Engr., Bureau of Internal Revenue, ‘Washington, ‘D. ne 
4 Received by the Secretary, January 8th, 1923. 
a Transactions, Am. Soc. C. E., Vol. LXXXIII (1919- 20), p. 1318. aes ar 


Am, Goce. C. E. , November, 1922, p. 1758, 7 
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DISCUSSION ON THE WATER POWER 


for economic predeterminations. Tis pplication to ‘the solution 
mgineering | economics offers little more complication that its application -— 
the economic determination of a copper network. 

|The investor is entitled to a a careful study of the market. which i ‘is to 
mrved, as well as how it is to be served, preferably by a disinterested in-_ 

vestigator, with a continuing experience wide scope. writer 

that ‘Mr. Merrill” had such ‘studies in mind when he spoke of important, but 
not yet undertaken, duties. He ‘states ‘that the Federal Commission is con- v¥ 
cerned largely with the ‘enforcement. of a contract. obligation. Protection of 
the general public, of which he speaks, requires that the contractor be 9 capable 7 
of fulfilling his contract throughout its life. " The necessary investigations to 


determine features already by ‘the Commission should 


economic stress. is only possible the is for 
the life of the at the least. T ‘his predetermined by engineering 
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_ THE DESIGN OF STRUCTURAL SUPPORTS FOR» 


‘Discussion* 


pit 


4 


o i 
“ric, 
By E. ‘Bexcusr, Austin H. Reeves, F. A. Ericson, (JAMES 


7 Bagioontog, ‘ai has made 1 necessary the sj special structure discussed by ‘the 
_ author. ‘ Iti is ‘to- day an appropriate topic for consideration, although ten years 


it was te ‘its infancy, and ten have all 


the W orld’s Fair in n 1904, one’ was attracted by loud 
- shricking noise which came thie a steam turbine forming part of the exhibit 
the ‘Westinghouse Company. Th: his exhibit, was perhaps the introduction of 


the steam n turbine to American” engineers. For a number of years there- 


the adoption of the turbine was slow, the usual form: being the 
ical unit with capacities of 2000 to 5000 kw. ve These units were e mounted 


0 
or octagonal | concrete piers, that were hollow in the center for 


ess to the step bearings. 3 ‘This form was virtually confined to the impulse 
type e of blades, and did ‘not lend itself to expansion in the ea capacity of the unit. | 


About 1914, the manufacture of ‘the vertical turbo- -generators was dis-_ 
a and during the last ten years, the horizontal type has rapidly been 


the experience, units with as large. as 35 5000, 
ar have been ‘mounted on frames of the type described in the pape 
A unit 60 000 kw. has installed ick, Pa, in which ease, 


“the practice use ‘the maximum ‘stresses in struc 


«This discussion (cf the paper by Edward H. Cameron, Assoc. M. Am. Soc. C. E, 7 
sented at the meeting of December 20th, 1922, and published in January, 1923, sy eng: | 
is printed in Proceedings, in order that the views expressed may be brought before 4a 


Structural Engr., Dwight P. Robinson & Co., New York City. 
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Papers.) pis RAL SUPPORTS FOR TURBO- GENERATORS 


Compression on columns. — 45 per sq. in. 


Bending on extreme fiber of net tm 
Rivet values shop- driven ven, in 


-driven,in bear- 


Field riv four- fifths of the he values g given 


the quantity concrete be as great a as is ‘reasonably 


justified rather: than as ‘small as possible. Ine erecting the ‘machine, the top 
of the rough concrete and the: steel frame left about 13 in. below 


the base casting, which is grouted i in solid after all work has been aligned and 
leveled. For this reason, the entire - deflection is taken care of by the grout- , 


ing, so that the speaker does not consider deflection - to be the criterion. Mt bd 
The’ speaker believes that provision should | be made for the full weight 


of the condenser where the connection between condenser and exhaust nozzle 


is bolted solidly, | even if. springs are. placed the condenser. Fal 


Co- -operation between the mechanical and structural engineers is essential 


in the early stages of the design, and a | a slight « change i in t the mechanical layout: 7 
of ‘the auxiliary equipment may permit the placing of a diagonal or the 


deepening of a girder, thus improving considerably the structural design. — a 


cramped ‘quarters for equipment beneath the unit, including the con- 


denser, and piping, 


, generator, air inlet and discharge, electrical ¢ con- 
tially difficult. If 

the severe limitation space as it ; develops makes one 1e of the members out: 


proportion to to the remainder, it. is likely» to cause trouble. ‘As a result of 
‘these limitations, steel ‘supports | are generally n nore satisfactory. The plat- 
form floor is” usually of concrete a and the supporting girders are filled with 


both for bracing and for the mass resistance to vibration. 
effort should be made to have the m: main longitudinal girders 


under the end of the “Watt transverse 

ing must be used at each transverse bent. ‘This bracing should be in the form. 

of diagonals and struts, as far as possible, rather than in the form of brackets 


and column flexure. The entire structure should be separated from the sur- ; 
- rounding - floors, pur platforms or walkways supported by slender hangers or 
light cantilever brackets should be avoided on account vibration 

z Iki is the speaker’ 8 practice to assume, for the design of the bracing, a hori- 7 
tontal load i in ‘direction : acting at the level of the main 
_ in amount to one-fifth the total weight of the turbo-generator. Such a design 


_ based on the low stre stresses mentioned will give a substantial system of bracing 


_ Even if a structurally perfect design has been secured, experience 
that local 1 conditions ‘may cause trouble. There’ are cases recorded in 
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= a distortion of the the destruction of the generator. th 


a another ease, distortion. was caused by a cold draft at one end of the frame 


t 
and considerable « expense was entailed until the cause of the trouble wash | 


= found. | ‘It is essential, therefore, to. o keep the frame at a fairly uniform ten- ie 


a, and, with this i in view, the steel members ar m 
We us v1 el n ers are sometimes encased 


in concrete, as noted by the author. a = 


Austin H. Reev Es,* Assoc. M. Am. Soc. C. E—The n main “difference 
‘Mr. Cameron and the As ‘in regard to the 
the “footing” r “mat”. The ‘speaker believes: 


(a) ‘That should never for the ‘individual 


it. is always advisable to ‘provide steel reinforcement in the 


ims _— (¢) That steel columns should always be st suitably riveted toa proper grill 
- age in the mat | or be of proper form at the base to make full use of the con- 


i crete 1 mat. 7 (Anchor- bolts in the ordinary sense of the word are not sufficient.) 
‘Ale On page 48,+ the author states that ~ better design, however, is furnishel 
by making ‘the floor in the form of a thick reinforced concrete slab. This 


4 not only produces a vibration- absorbing mat at the most efficient loesition, but 


also provides a zood insurance against horizontal disturbance of the align- 


ment of the unit. » W hile recognizing the value of ‘this ‘ ‘vibration- absorbing 

mat”, why not also consider the full, proper use of the lower ‘ “mat”. it may 
; also be utilized | as a “ ‘vibration- -absorbing mat”, _ or, perhaps more | accurately, 
it might be termed. a‘ “vibration- lessening mat” when properly designed. 


af the diagrams, tables, or in the “Paper indicates that consideration 


a facturers concur in the desire that they be made very rigid.” i ‘The ok 


> plea for the full scientific use of the “mat” is made because such use will g give 

2 the most rigid pedestal. By dilate of the mat”, the axes of the col- 
_umns can be kept vertical just above the mat, , which j is equivalent to reducing 

and in Fig. 3,4 with the same pedestal and supported weight, ‘the 


. frame will have o:abester, natural period of vibration, which is a desirable 


result. This helps in a manner r similar to that of lowering of the center of 
_ gravity “by hanging the condenser from the: top of the pedestal”, | The author 


7 - has stated that ‘ ‘the more rigid ¢ | pedestal is made, the shorter its natural 


period will be, and its members should be arranged so as to secure this end. : 


The speaker claims the ‘ “mat” i is a very important “ “member” > of the most 
& scientifically designed foundation for the support of a turbo- gener ator. Ps 


Enricson,§ M. Am. Soo. C. E—During the speakers connection 
‘this New York Edison Company, and for the last few years with Thomas 
Murray, Incorporated, a variety of turbine foundations have been designed, 


+ Proceedings, Soe. Cc. E., January, 1923. 
oe Proceedings, Am. Soc. C. E., January, 1028, 43. : 
Structural Engr., Thomas E. Murray, Inc., New York City. 
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— | 

ator. In capacity of the machines ranging from 7500 500 to 000 

he 558000 kw. 

uble ‘Was steel design has been adopted for the following reasons: 


= ni allows more room for piping and auxiliaries and, ‘therefore, enables. 


a greater capacity of a given space or building to be obtained, thereby reduc- 


is’ believed that a more serviceable, , and more durable 


dation, can be built of steel than of either plain or reinforced concrete. a rt 


3.—In some cai cases, Space is so limited as as to exclude all p sibility of 


| the speaker’ Company consists of two main 
tudinal girders, connected a system of deep stiff cross- -girders| ‘and 
aux xiliary longitudinal | girders where they necessary, in order to provide 


er grill- 

sufficient support for the bed- plate of the The ‘columns are 
flicient, under these longitudinal _ girders, with bracing» inserted 
hed wherever practicable both longitudinally and cross-wise All the girders are 
urnishe 


provided with full- ‘depth heavy angle connections to each other, and a all con- 
4 


nections fo columns and bracing stiff, and substantial. 


>. This | 
‘lon, but 


" align- ‘girders are in 1 clusters, they are held together with bolts and gas-pipe sepa- 
ators, and the | _space filled with concrete. increases» 
the 
It may 
urately. q 
Wome to 6 000 Ib. per sq. 
in order to minimize the allowable shear is reduced in propor- _ 
on page tion, Although this is low fiber stress is used, nevertheless: it is found neces- 

, manu: sary to increase the material i in most of the girders, especially « on the larger 

peaker’s units, otherwise, the deflections would become excessive. A force propor- 

* 
vill give tional to the turbine load is assumed as acting in einen directions and 
the used i n designing columns and bracing, but. the bracing is always: made 
educing extra heavy and direct acting wherever possible. All the details are designed 


rht, the with the idea of making monolithic and continuous structure. 


esirable In order to avoid the possibility of unequal settlement of. columns, the 
nter of “turbine foundation is set on a ‘thick mat of continuous reinforced concrete, © 


author 


» whic h is usually a a part of the foundation for the operating r room. nie 


« s H. RIcHARDSON Assoc. M. Am. Soc. E.—The ‘speaker has 


_ More or eS to do with the designing of turbo- -generator supports and wishes | 
to present a friendly plea for the the structural man as against the machine | 


‘designer. ‘The latter ‘usually precedes the structural designer in planning 
-plant units, arranging the condensers, ducts, and ramifications pipes, 


= 


sinuous girders, all might be well. As this is case, “let the 


aie! 
a mechanical designer allow plenty of space for the n most favorable arrangement — 


* New York City. 
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F. M. Berr,* Assoc. M. Ax. Soo. E. -—Although not thoroughly | con- 


- in with turbo- -_generator practice, this paper brings t to mind two installa- 
tions, one of which is of 1500-kv-a. and the other of 3 000-kv-a. ‘rating, that 
are in use in an electric light and power plant in New York ‘City. - The sup- 
ports of these units seem quite well to overcome the objectional vibrations set 
‘Two: concrete walls of uniform thickness, parallel to the axes of the 1 units, 
“support transverse steel beams that carry the units. This arrangement appears: 
best to meet the requirements of this | class of equipment, as it provides | the 
necessary to absorb vibration, where it ist most effective and may be 
“adapted to any size unit. Access through these walls may be m: ide 
: wherever | convenient and rigidity ‘maintained even if the walls are chased or 


Pierced accommodate auxiliaries or piping. 
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MEMOIR OF HENRY PERCY 


A 


OTE. —Memoirs will be. in the of “Any information 
i _ which will amplify the records as here printed, or correct any errors, should be forwarded to" 
aad Secretary prior to the final publication. 


HENRY PERCY BORDEN, M. Am. Soc. C. E. 


Henry Percy Borden \ was born at Port La T our, Nova a ‘Scotia, on on 
ber 8th, 1872 . He attended Mount Allison University, at ‘Seskville, New 
Brunswick, ‘and, later, McGill University, a at Montreal, Que., Canada, having 
: been graduated in Civil Engineering frc from ein Applied Science of 
_ Following his graduation, Mr. Borden entered the Engineering Department 
f the Canadian Pacific Railway, v where he was engaged on the. design of steel 
bridges and masonry and | the inspection. n of the fabrication and ‘erection of 
steel bridges, until 1904. He then accepted position | Montreal 
Loc omotive and ‘Machine Company as Assistant Engineer, in the S Structural 
Department, o on ‘estimating and design, and, later, as Assistant to the Chief 
ngineer in charge of the Estimating and Sales. Department. 
In 1906, Mr. Borden returned to the Canadian Pacific Railway as ; Architec- 
tural Engineer, in which. capacity he had charge of the steel and reinforced 
coner ete design for the ‘Company’s s buildings, under th the Chief Architect. ee. 
In 1908, he was appointed Secretary and Assistant Engineer to the Board a7 Y 
of kin ngineers of the ‘Quebec Br idge, which position he held until 1915, when he 
was made Assistant to the Chief Engineer of the same Board, and had charge 
of the designing office, mill, shop, and field” inspection, under the Chief 
After death, in 1916, of Charles C. Schneider, Past-President, Am. 
Boe. | ©. E., one of the members ‘of the Board, Mr. Borden was appointed 
- to fill the: piotinnreeit thus created, which position he retained until the successful 


Following the completion of” the Quebec Bridge, Mr. Borden moved to 
Ottawa a, Ont. Canada, entering the office of the Consulting Engineer to the 
Dominion Government, as Bridge Engineer. He retained this position until 

1921, when he opened | an office i in Ottawa and began private practice as Con- 


‘Sulting Engineer, specializing i in bridges and ene of steel and reinforced 


C 


_ Mr. Borden was: married in 1906 to Edith Eva Hall, of L’Orignal, Ont., 


anada, who, with two daughters, survives him. 
He was a member of the Engineering Institute of Canada, the Country 


fag Club of Ottawa, the Royal Ottawa Golf Club, and the Beaconsfield Golf Club, 


Alr, - Borden was elected a Member of the American Society Civil 


Memoir prepared by C. N. Monsarrat, M. Am. Soc. C. 
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MEMOIR OF ‘WILLIAM CUSHING EDES 
WILLIAM CUS CUSHING EDES, M. ‘An. Soe, C. E. 
“eo 


Cushing Edes, was born in Bolton, Mass, on January 14th, 
1856. He was educated at the Massachusetts Institute of Technology and was 
‘graduated therefrom in 1875 with the degree of B. S. in Civil ae. ae 
_ Immediately after his graduation, Mr. Edes was engaged i in statistical work 
7 for the United States Census Bureau. In 1877, he moved to San n Francisco, iF 
ane and entered the service of the Spring Valley Water Company. i ns 
a In 1878, he became connected with 1 the Engineering Department of t of the 
"Southern Pacifie Company ‘and was employed as Assistant Engineer, until 
on the location of that -Company’s s line through ‘Arizona, New Mexico, 
experience gained during these years on a pioneer under- 
= taking: of such magnitude, and a ‘natural aptitude for r this class of engineering 
work, determined the course his professional career, and practically the 
whole of his life after the completion of the survey was devoted 
In 1883, Mr. Edes returned to Boston, 1 Mass., and was engaged i in private | 
J practice until 1886, in which year he > again w went to California and re- entered ad 
thes service of the Southern Pacific Company as Assistant Engineer, continuing 
with: that Company until 1896. During» this time, was in charge of 
3 location and construction work for the Company, the most important of which 
was the location of the Coast Route in California, from” San Luis. Obispo to 
1896, Mr. was appointed Principal Assistant Engineer of the 
Pensions and San Joaquin Valley Railway Company, which was building 
oa line from San Francisco to Bakersfield, Calif., a distance of 381 miles. . He 
was, in immediate charge of both the location and construction of this oa 
; and personally made the location of that part of the road between Stockton 
3 and Richmond, Calif,, 69 miles, the most difficult section. This road was Tater 
_ acquired eb the Atchison, Topeka, and Santa Fé Railway Company and is now 
In his capacity of Principal Assistant Engineer, 
Mr. Edes was ‘contact with the people and the public officials of 
the districts traversed by the railroad, and his kindly personality, tact, and | 


honesty. contributed largely to overcoming the many | ‘difficulties encountered 


on projects of this kind and to facilitating the progress of the work. — i 


ao. In 1900, he. returned to the Southern Pacific Company and was enga gaged, — 
until 1905, on difficult location for the reconstruction of various paris” of 

- that Company’s lines” in California, Nevada, and Utah, chief among which 
was the section between Rocklin, at t the western base of the Sierra Nevada — 

Mountains, and Truckee, on the eastern slope. In 1905, he was appointed Dis- 
trict Engineer of Maintenance of Way for the lines of the Southern Pacific 


. * Memoir prepared by the following Committee of the San Pranciaco Section : Bernard 
"Benfield, Jerome and ‘Frank Thompson Oakley, Members, Am. Soc. C. E. 
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The Southern Pacific Company and the Atchison, Fe 4 
Railway Company, in 1907, acquired jointly the Northwestern Pacific Rail-— 
Broad Company, which owned a a line extending 1 northerly from San ‘Francisco 
; Bay to Willits, Calif. , 133 n miles, and southerly f from Humboldt Bay to Shively, 
14th, Calif., 88 miles. It was decided to complete the gap between Willits and 
dw vas Shively, 106 miles, and Mr. Edes was selected as Chief Engineer to car carry ill 
ering. | the task of making the location and directing the construction of this h link © 
connecting the separated sections of the road. | The line ran through the - 
‘canyon of the Eel River, along precipitous banks of unstable material, and : 
Edes’ location through this country, one of the most difficult pieces of 
‘railway work on the Pacific Coast, is an enduring monument t to his skill. Pant Fs 
watil On the completion of this work, Mr. Edes wa was appointed by President 
exico, ‘Wil ilson_ as Chief ‘Engineer an and Chairman of Alaskan Engineering Com- : 
inder-— { mission, which had been created to take charge of the location and construc- a 
; tion of the Government railroads in Alaska. Immediately after his appoint- 
ent in May, 1914, Mr. Edes left for ‘Alaska and, in April, 1915, sufficient - 
"progress had been the adoption of the by ‘way of the 
ee. Alaska 12 Northern Railroad from Seward to Kern Creek, 71 miles, and | thence _ 
piv - by the construction of 400 miles of new road to F airbanks. - With the exception es 
of timber suitable only for piling, | ties, and small dimension lumber, there 
was nothing in the country with which to begin work; all construction material] 
and equipment had to be brought i in on steamers and facilities established for 


handling, storage, and repairs. The site e of Anchorage, which was s selected 


tarian 


necessar ry to build a city at this place for ‘the forces and t towns: at 
several other points” for the. development: of the country. and the 
tion of of the activities connected with the railroad work. The 


country through | which the road was to pass was. an unbroken n wilderness, — 
entirely devoid of, transportation ‘facilities, and little was” ‘known about it. 


Notwithstanding these almost insuperable obstacles, at the end of 1915, there E 


had been. completed 35 miles of grading and 13 miles of track, as well as a 

iz In addition to the difficulties offered by the country, there we 

one of. obtaining funds with which to “prosecute the work 
United States was engaged in the World War and Congress was not in a ia 
to furnish money for other than war purposes ; ; it was necessary, , therefore, 
for Mr. Edes to spend a large part of his time in Washington, D. Pm in order 


to” secure for continuing the work in Alaska. One of the 


the Army, and Mr. Edes was ‘left as the only remaining member, 
‘in fy full charge and responsible for all the activities of the project. ‘The duties — - 
were © most arduous, : and it is: a 2 high tribute to his honesty and ability that he - 

"povided, although 1 we Nation was carrying | on a 
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MEMOIR OF WILLIAM DAVID UHLER 


seriously affected his. health, which v was never robust, and as the general 


work 


_ problems had been solved and the work carried well along toward completion, 
3 he resigned from the Commission i in 1920, in order to take up work 1 which | would 


be less exacting. He - was engaged after. that time in 1 consulting practice, advis. 


ing especially « on matters pertaining to railroad projects. It was while re- 
fuming by train to from an of a project on which 


Mr. Edes was man who ‘won the “a affection of all those 


associated with him. In the words of one of his old friends: | 


fe was honest—with him honesty was : an instinct. ; thought along 
honest lines, and by honesty I refer not so much to money matters as to all 
the varied elements which occur in the life of an engineer. He was honest 
_ to those above him in giving them the benefit of his thought even though it 
= might be at variance with the popular conclusions; he was honest with those 
working for him, and he was honest with himself in that he was careful to do 
ee Edes was a modest man-——if one might suggest it, too modest for his 
own good in this rushing, driving world. One would never learn from him of 
: his achievements and many were fae’ to under-rate him because he was so 
- self- effacing; but those who knew him well recognized the quality of the man 
and loved him for his gentleness and memuimeness. 
_ “The work he has done will live after him as a mark of his ability, and while, 
_ as time goes on, his name in connection therewith may be lost, yet the work 
re will stand ‘and. be recognized as well designed and well done. * ie 


= Edes was maiel on January 31st, 1901, to Miss Mary Burnham, of 
Oakland, Calif, who, with three brothers, , Robert, Francis and John Edes, and 


sister, Mrs. Cyrus A. Roy, su survives him. a4 1 
He took an active part i in and charitable was vularly 


Mr. Edes was elected a unior of Civil Engineers 
on September ist, 1886, and 1d a Member on November 4th, 1896. 


WILLIAM DAVID UHLER, M. Am. Soc. C. E* 

David Uhler, the son of. the late Andrew: son Uhl er rand 


having been graduated from the High School i in J une, 1889. In J une, 1910, 


_ the Maryland Agricultural College, now the Maryland State University, con: 


ferred on him the honorary degree of Civil Engineer, in _Tecognition of his. 


: work with the Maryland State Roads Commission. 
Ph oak summer vacations, and prior to his graduation from High School, 


Mr. Uhler was ‘employed work with the Lehigh Valley Railroad 
‘ pany, and on 1 the completion of School course, he entel 
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a 


of this Company, under Mr. I. W. Troxel, as Rodman, 
mentman. 1892, he became Assistant Engineer of Baltimore and 


. Lehigh Railroad Company, under Mr. Troxel, at Baltimore, Md., but 3 ‘returned 


to the Lehigh Valley Railroad Company in 1893 as Transitman, , remaining 


with that 1895. During these ‘periods, he was employed 


™ 1895, Mr. Uhler returned to as Assistant Chief Engineer of 
‘the Delaware, Maryland and Vi irginia Railroad Company (the Queen Anne 
‘Railroad), i in which capacity he was employed on the preliminary and. | location 
“surveys s and the construction of this line. | He: retained this position “until the 
road was ready for operation in 1897, and from 1897 to 1904, he served the 


Company as Assistant General Manager. r His ability as an Engineer : and an a 

“organizer was early recognized i in his association this Company, and his” 
superior officer states that, in the later years of his services — i line, “he 


had full charge ¢ of all the Company’ s affairs.’ 
In 1904, he was ; made County Road Engineer of Caroline ining: Mary- 
land, in charge of the construction and maintenance of highways and bridges. | 
During his. incumbency of this office, which was in the earlier days « of highway 
development, he originated methods” of design and - maintenance, and under 


tutelage and able executive direction | an Or organization was developed, which 


gradually placed this work under business management and administration. 
ibe In 1908, ‘under W. W. Crosby, M. Am. Soc. C. E., then Chief Engineer of — 
Mar, yland State Roads Commission, Mr. accepted position of 


the preparation of and the details gr of the 
“of that State. During this time, he organized the e maintenance forces 1 through- 


out the State, e, put into effect. the ‘patrol system m of ‘maintenance, and n most 


- sury veys and all ll drafting, a and similar work, under the Chief Engineer. .: During 
“this: period, in the n the words of his Chief, “his brilliant mind, laudable ambition, 


performed all these duties, in addition to having charge of all 


‘sonality endeared him to all. Unquestionably, the present high 
among» their users, of the State ‘roads of 1 Maryland to- day, is due to the | 

working out of the details of this maintenance by ‘William D. Uhler.” 
fi In 1912, Mr. Uhler was recommended by Mr. Crosby for ‘the position o : 
ms ‘Principal Assistant Engineer of the Bureau of Highways of Philadelphia, Pa., a 7 

“under the Blankenburg Administration. Mr. Uhler was the successful can- j 
didate by Civil Service examination for this post. ‘From 1912 to 1915, he was 
ie Works, Mr. Morris L. Cooke, 


“There was not anything that went on in the Bureau to which he did not 
Windies a real contribution. It was due, in a large measure to his capacity for | 

detail, his indefatigableness, and his painstaking regard for the matters that As 

must | accompany public work, that we were able to to accomplish as much as we _ J 
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WILLIAM DAVID UHLER M 
did in — a ‘ee Department from the point where we employed one 
engineer out of a total of upward of a thousand employes, to where all of its 
work practically was carried on under engineering methods and for the most 
; ‘part by engineers. - He had the capacity for telling citizens and others what 
_ was going to happen, to do it promptly, and in a manner which was inspiring 

In 1915, Governor Martin G. Brumbaugh appointed Mr. ‘Uhler as ‘Chief 
‘eaten of the Pennsylvania State Highway Department, and from the date 
‘ of his appointment to January 24th, 1918, when he was granted a leave of 


4 absence, his experience, energy, “resourcefulness, and executive capacity were | 


3 of the Commonwealth, and perfecting the nu nucleus of an organization which was 


s On January 24th, 1918, Mr. ‘Uhler was granted a leave of absence by Gov- 
= _ernor Brumbaugh, and was commissioned a Major in the Quartermaster Corps, 
7 Motors Division, U.S. Military Service. On May 8th, 1918, he was promoted 


to the rank of Lieutenant Colonel. He was discharged from the service on | 


; No vember 23d, 1918, and on March 29th, 1920, he accepted a commission as 
in the Quartermaster Section, Reserve Corps. George W. Goethals, 
-Gen. S. A. (Retired), M. Am. Soe. states Colonel Uhler’s 


it was douided to move motor where this 


a be done to advantage. This brought to the fore the necessity for the repair | 

of old, and the construction of new, highways, , and in connection with this 
a work, I drafted the services of Colonel Uhler. This work was then expanded 
to determine whether new construction desired by States or municipalities 
would. arise in war activities, , since highway construction was” practically 
- stopped during the war period. All questions of this kind, as they concerned 


a the War Department in the deliberations of the United States Highway . 


Council, were passed upon by Colonel Uhler, who was thorough in his in 


ability and foresight. The soundness of his judgment in my earlier associa- 
tion with him soon led me to accept his recommendations without question. He 
_ was thoroughly reliable and efficient, performing a difficult task faithfully, 
= te being honorably discharged from the s serv ‘ice, Colonel Uhler returned to 
his work a as Chief Engineer o of the Pennsylvania State Highway , Department, 
+ and was re-appointed Chief Engineer by Governor William C. Sproul on April 
F -‘%th, 1920. In association with the late Lewis Ss. Sadler, State Highw ay Com- ei 
missioner, and the Assistant Commissioner, George Biles, An. | ‘Soe. 
-* ¢. E., Colonel Uhler created and enlarged the State Highway Department 8 and i 
- carried on one of the largest post-war programs of State highway con construc: 
tion. Biles’ tribute at the time of Colonel Uhler’s death best exerplifis 


£335 


the thoughts of Colonel Uhler’s engineering ; organization: oh 


- ie death of Colonel William D. Uhler is an irreparable loss to the State 
“a Pennsylvania. From my many years of association with him I am con- 
_vinced that he had no peer among highway engineers in this country. In the 
vast. road program by Governor he 


"vestigations and development of the facts and whose conclusions showed his § 
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Memoirs ‘MEMOIR OF ARCHIE LEE ‘HARRIS 


yed ae j ion life was to 
11 of its his ideals in road building to the exclusion of all wine things. This Nob he 
he most application soon manifested itself in a weakened physical condition, which he 

Ts what could not overcome, and finally caused his untimely end. I am grieved beyond 77 
—— expression by the loss of such an able and conscientious colleague, and the 


passing of a sterling character and true friend” 


8 Chief His peculiar fitness for his work may be readily summarized i in the words 


the date of Thomas H. MacDonald, Chief of the Bureau of Public Roads, United States = 


sion Movements, the American Concrete Institute, and ‘the American Society for 


oethals, Tes 


ty were: “Colonel Uhler w was an outstanding figure in the field of Highway Engi- 
neering and Administration. His influence was national. He was a leader on 
in the forming of policies ud legislation, State and National, to provide — < 
adequate modern highways. ~The accomplishment in engineering of the State 
Highway Department is a tribute to his leadership. | As an organization, , the ia 
Bureau of Public Roads has respected and appreciated his courage, , ability, 7 
and integrity of conduct and purpose in his administration of a great public - 
trust. As individuals, we feel most keenly the loss of a real friend. 4 ora wt a 
vice on Colonel Uhler was a member of ‘the American Society of Municipal, Im- 


Uhler’s Road Builders? and a member of the International Association of 


Congresses and the ‘Engineers’ Club of Philadelphia. He vy was a Past- 


1e War President and a Director of the American Association of State Highway Off- 

3 could” ‘cals, having served first. as Chairman of its Exeeutive ‘Committee in 1917. 
— He was elected President in 1918, : and was re-elected a member of the ‘Ex- 

‘ecutive Committee and served as until his death. He was also Chairman. 

panded 


alities ‘of the Committee on ‘Standards, and a member of ‘the | Committee on Motor 


ceTne _ Colonel Uhler was married on December 31st, 1896, to } Marguerite Stevens, 7 

ed his Vives him, together with his mother and three sisters. 
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Colonel Uhler was elected an Associate Member of the American Society 
ned Civil il Engineers on May 6th, 1908, and a Member on March 1st, 1910. 


ARCHIE LEE HARRI IS, Assoc. M. Am. Soe. E.* 


€ _ He wa: was a member of Temple Lodg ge, F. and A. a, of f Denton, Md., ‘Knight 


Templar Commandery of ‘Easton, Md., | Harrisburg Consistory, A. AL 8. 


ighway daughter of ‘the late Mr. and Mrs. B. 8. ‘Stevens, of Denton, Md., who sur- 
and Boumi Temple, A. A. O. N. M. S., of Baltimore, Md. 


= 


plifies_ 

-Mass., February 17th, 1872. ‘His early education was 2 
4 

=. in the publie schools of his home town where he taught for a number of nase 


8 tate _ after his graduation from the High School. He then entered the University of — 
Michigan, from _which he was “graduated in 1898, receiving the degree of 


Bachelor of Science in Civil Engineering. 


Memoir prepared aad R. R. Kays, Assoc. M. Am. Soc. C. EB. “FO 


— 
=: 
— 
April 
Com- 
— 
yrmed 
leads 
J ia 


MEMOIR: OF ARCHIE LEE HARRIS 

= His first position after graduation was that of and Drafts 
man with the United States Board of Engineers on deep waterway surveys. 
During 1900 and 1901, Mr. Harris was Draftsman on the Ne w York State 
Barge ‘Canal, at Albany, N. , and with the Ss. Isthmian Canal Com- 
= mission, at Washington, D. C. . Prior ‘to J 1903, he was also employed as Drafts- 
man by the Russell Wheel and F oundry Company, of Detroit, Mich., the 
Hamilton Bridge Works, ‘Limited, of Hamilton, Ont., Canada, and the ast 


River Division of the Pennsylvania, New York and Long Island Rai Railroad 


sy In May, 1903, soon after its organization as a separate bureau, Mr. Harris 


: 0 ae’ | ‘Assistant Engineer by the U nited States Reclamation Service 
and assigned to the Salt River Project at Phenix, Ariz. During the next 
seven years, he held | the positions of Draftsman, Chief iabieetits and Designer 

in the Field Office a Roosevelt, , Ariz. (Roosevelt Dam), which, during the 


e early years of construction, was the principal —— office for the Project. 


z lam at “the head of the Roosevelt Power Canal and the Geeniie "Reef Divers on 
Dam, t the largest 1 river structure below the reservoir, for the design of which he 
was: largely responsible and is entitled to especial credit. Incidental to the 
design of these dams, Mr. Harris made some ¢ or riginal investigations cand | 
. studies, in an effort to improve on the lifting devices for the outlet gates which, | 


as previously designed, were operated with great difficulty. After “conducting 


series of experiments full-sized gates: under actual field conditions, 


found » that the e coefficient of friction which had been used to that time was 
- entirely too low. By the use of new ‘coefficients, he was able to design. oper rating 


~ mechanisms which gave complete satisfaction, resulting in the adoption of wd 
standards by the Reclamation Service. 
Tike 


ioe in this work and designed senaiiaaily | all the gates built. on the Project 


_ About the : time e the Roosevelt Dam a was completed, ¢ and d near th the com} 
et his ‘period of service for the Government, Mr. Harris was the victim of an 


_ accident which nearly resulted fatally. While engaged in an inspection o of the 


outlets and tunnel at the bottom | of the dam, with water at a high elev 
in the reservoir above, the gates w were opened suddenly by ‘mistake and he and 


a ‘companion were caught in a ‘Tushing tc torrent of water and swept through 
_ several hundred | feet of tunnel into the river channel below. His companion 


was s drowned, and Mr. Harris. ‘escaped only by the « exercise of extraordinary 


- Mr. Harris re resigned from the Reclamation Service in 1910 and opened an 


engineering. office in Phenix, specializing in irrigation. He “designed a and 
laid out a number of private irrigation systems and also laid out | the deep- 

well pumping and distribution system for the 1 12 000- ‘acre, long staple ‘cotton 
plantation of the Goodyear Tire and Rubber Company, at Litchfield, Ari? 
1915, he moved to Los Calif, Ari he office, ¢ con- 


Mem: 
was 
‘Man 
sult 
whit 
also 
irri 
esti 
to 
ine 
> stre 
dis 
wh 
an 
tr: 
re 
re 
él 
3 
| 
I 
t 
7 
= 
» 
» 


Memoirs, | Memoirs. J OF ARCHIE LEI 

Drafts was the design and construction of a reinforced concrete pleasure pier at 


surveys, Manhattan Beach, Calif. At the time of his death, Mr. . Harris 
k State sulting Engineer for a number of ‘proposed irrigation and power projects in 


al Com- Arizona, including the 000- -acre project at Beardsley, near Phenix, for 
Drafts. which he had directed all the engineering work since its inception. 7 He w was 


ch., the 280 employed, in capacity of Chief Engineer, by Paradise- ‘V ‘erde 


he East Inigation District, at Phenix, for ‘which he was as completing final plans and 
ailroad estimates for a system to irrigate from 80 000 to 100 000 acres of land adjacent _ 
: a to the present Salt River ‘Project. As planned by him, the system was to 


Hers include several large storage and diversion dams on the Verde a x and other 

Service streams, one or more hydro-electric power plants, and a modern, concrete-lined, 


| Mr. Harris was ‘married © on n December 25th, 1911, to Miss May | Alderman 


who, v with a daughter, Louise, survives him. ae 


His | death cut short a most promising professional career 
and prevented accomplishments for which he was especially well fitted by 
version training and years of experience and observation. Nevertheless, he had become 
ae recognized as an authority on irrigation, in the Southwest, and especially in 
Arizona, where he was intimately familiar with ‘conditions. He was an _ 
enthusiastic believer in reclamation, , but it was a conservative enthusiasm 
resulting from a thorough and conscientious study of the many matters which | 
must be taken into account in laying the - foundation for successful develop- 
ment. He was a builder and asked for no greater reward than to have a part in 
the constructive work of controlling and utilizing. the wasted water resources 
with he permanent contribution to the wealth and producing power 
I producing p 
of the nation. He was a high type of engineer, active and resourceful in the | + 
field, painstaking and thorough in investigation and 1d. analys: sis, conservative in Br | 
his advice and of associates and subordinates 
and thoroughly loyal to the interests of employer or client. of te, or i 
Harris’ rating as an engineer was equalled | only by his is standing 
‘reputation. as a man. Just as he set 1 up as a shrine and ever kept in view and > 
observed a rigorous code of professional ethics and the highest standard of -_— 
ice, so did he adopt and govern himself by the highest ideals of personal con- ae 
duet and citizenship and live and practice them in his daily life. Brought up Pp 


in the Universalist faith, although not in later years an a active member of any a : 
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denomination , he was a true C Christian gentleman, because he not only believed | ] 
‘in the rules laid down for guidance in the Good Book, but he practiced them > 
in his w work, in his dealings with his fellow men, and in his home. - Although | 7 ; 
‘he was affable, companionable, and entertaining, with a normal sense of humor, — _: 
he w was as given: Sacidieatiiiis: and the study of serious us things | and enjoyed discus- a 
sions of the political, economic, and moral questions of the day. His interest - 

in the w rorth- while things which with him v were favorite topics of conversation, _ e 
made him a delightful companion. G Above all, however, he was a gentleman— 

~ dean, moral, honest, and upright in every Tespect—and he will be remem- 

_ bered by y - those who knew him well, for his genuine friendliness, his even dis- — 

Position, his unselfishness, for the | rights and views of others, 


and his high- minded conception of service. _ “Honorable and high- minded” > and — 
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OF ARTHUR FRANCIS HOLLAND 


he 


a 


-_-He was the author of a paper entitled, “The Diversion of Trrigating Water X 
from Arizona Streams”, which was published by the Society. * He wasa by 
“member of the American Association of Engineers. 4 d 
- -Mr. Harris was elected an Associate Member of the American Society of 
Civil Engineers: on May 31st, 1010, and was member of the 


ARTHUR HOLLAND, ‘Assoc. 1 M. Am. Soe. Bt ( 


Fra rancis son of E dwin and Margaret Holland, was bom 
at Barr e, Vt., on September 10th, 1888. He received his early education in the 
_ public Schools of Seattle, Wash., , to which | city his parents had moved. He | 
afterward entered Norwich ‘University and was graduated therefrom in 1913 | 
the degree of Bachelor of Science in Civil Engineering. 
; i In July, 1913, immediately after leaving college, Mr. Holland centered the ; 
United States ‘Engineer Department at Wheeling, W. ‘and remained in 

tembe During this time, he as Inspector 

pir had charge of construction \ work on the > Ohio River locks and dams i in the 
WwW heeling District. He \ was also engaged 01 on the design, ‘estimates, drafting, 

and office computations and records, in connection with these structures. ~~. 

ap In September, 1915, he entered the employ of The Koppers Company, as 
a Instrumentman, on the by-product coke plant then being constructed for the 
Furnace Company, at Cleveland , Ohio. in 1916, he was trans: 


im City, N. as Field Engineer, in in which capacity he had 
the Engineer Corps and all lay out work | in connection with the mm, until 
gu In September, 1917, Mr. Holland entered the Engineer Reserve Officers’ 

Training Camp at Camp American University, Washington, D. and was” 
assigned to Company 2. _ On the completion of the course, no openings were 
—_— in active service, and he returned from ¢ camp in November, , although 


he was not Giacharged from m the service until sometime during 1918. 


— 


d 


Age placed i in sdllaiaaed of the construction of a large by-product - coke oven n plant 

for the Providence Gas Company, | at Providence, This work was com-— 
pleted i in June, 1919. ‘From July, 1919, to. February, 1920, ‘Mr. Holland was 
in charge of the tearing down and rebuilding of a battery. of coke ovens for 
the Inland Steel Company, at Indiana Harbor, Ind. D During the summer of 


ad 
1920, his health did not permit him to engage in active work, although part 


= ‘Am. Soc. C. E., Vol. LXXVII (1914), p. 
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Memoirs. “MEMOIR OF SPENCER BAIRD ‘NEWBERRY 


of this time was, spent in the Pittsburgh Office of The 


fession”, 

fessional November, 1920, he v ‘was placed - in charge of the wor 

_ &f rebuilding a coke oven battery for the Milwaukee Coke ae Gas Company, at - 

Milwaukee, Wi is., and it was while he was thus engaged that he was overcome “ff 

by the illness v resulted in his death on June 22,1922, 
Holland _was a man of unusual character and integrity, loyal to 

ciety of associates, conscientious and painstaking i in his work. His own comfort and q 

the Los ‘convenience were never permitted to interfere with his duty to his employer, q 7 

and he was: kind, and considerate to and well beloved by I his subordinates 

aa He was made a Master Mason on June ist , 1920, and was a member an 

W retzel Lodge No. 39, F. and A. M. He is survived by his wife, 1 who was 


Louise Potts, and two ‘sons, John Arthur and James E Edward. 
y of 


= 


vat 


vasbom Pg ‘SPENCER BAIRD NEWBERRY, Assoc. M. Am. Soe. 


ered the 
State of Ohio | pe for m many years, of Geology at 
nspeeta Columbia University, New York | City, was born in Cleveland, Ohio, on May 
in the 1857, and. was graduated at the School of Mines, Columbia Univesity, 
in 1878, taking his doctor’ degree there one year later. He studied in Berlin, 

ps | Germany, and Paris, _ France, for two years, and, from 1881 to 1892, was Acting 
Professor of Chemistry at Cornell University, Ithaca, N. Y. In "1889, he was 
for ‘the "sent by the Government as Expert Commissioner to the Paris Exposition, and, 
‘ in 1893, he was a member of the Jury of the ~World’s: Fair at 
nana | While at Cornell Univer ‘sity, Dr. Newberry became interested in the manu- a 

gg facture of Portland cement, then in its infancy in the United States. Recog- 


t, until 


nizing the possibilities 1 for the future development of the e cement industry, he 7 


Dficers’ left Cornell and founded the Sandusky Portland Cement Company \ with its 
frst plant at Bay Bridge, near Sandusky, Ohio, built in 1892. He Gen- 
a alias eral Manager of this Company v until 1912, when he became President, which | 


position he occupied until his death. The business developed rapidly and 
other plants were built t in Syracuse, ‘Ind, ‘Dixon, Il, and York, Pa., which 
been successfully operated for many years Duri ing the last 3 year of 

. life Dr. Newberry’ $ energies were , devoted to the planning and erection of a 
—hew plant near Toledo, Ohio, on a valuable and unique deposit of limestone 


oar . 
ered through a paragraph in his father’s f first  Teport on the Geological 


Although he did live to see it in 1 operation, he took the 
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[Memoirs. 
Dr. Newberry was the monstrate_ that white Portland cement 


could be 1 successfully, and the. factory at York, ‘Pa. is devoted to the 
manufacture of this product alone, which has found wide use in ornamental 
architectural work. He was also successful in inventing s and ‘manufacturing 
an integral water-proofing ‘compound for concrete, and had taken out many 
patents on chemical processes in the cement and other industries. His early 


4 investigations into | the chemical constitution of c cement and the > determination 


one of ‘the | foremost authorities « on 1 the cheanistey of cement as well as on the 
"mechanical processes of its manufacture. ‘He was the author of 1 


Dr. Newberry was married at Ithaca, N. » 1882, to of 
the Hon Andrew D. White, then President of Cornell University. She 
in 1907, two sons, Andrew W. and “Arthur ©. Newberry, both of 
survive father. 1908, he was married to Helene Printy, 


ae Dr. gel was elected an anni Member of ‘the American Soe iety 
Civil Engineers on January 6th, 1897. 


‘Diep Avuaust 6TH, 1922. 
Winslow — Watson, the he eldest ‘so son of the e late d J ae Ch: arles | 
-* Watson and I Ella Barnes W atson, was born i in Plattsburg, N. Y., on . August 28th, 
‘ 1880. He was educated in the Plattsburg schools, having been graduated from ng 
_ High School in 1898. It was the desire of Judge Watson that his son should 
3 be a lawyer. For that reason, he studied law in his father’s . office during two. 
years following his graduation from High School. In the’ fall of 1900, he 
Bac Union College from which he was graduated i in 1904, with | the degree 
“2 Immediately after finishing college in 1904, Mr. Watson was appointed a 
+§ Computer and Instrumentman on the construction of the New York State 
Barge Canal. He remained in the employ of the State of New York until 
1907, when he went to Panama where he was engaged « on the construction | of 
the Canal, and where he remained until 1908. At this stage of the construc 


desired, and, in 1908, he ‘returned to the construction of the Ne ew York 


¥ 


From 1909 to 1912, Mr. Watson. was in charge of Barge Canal Construction = 
7 ‘oa No. 25, which represented one of the largest contracts in the ‘State, 
ss covered a distance of 13 miles of prism excavation, one lock, three dans, 


six bridges, and many other miscellaneous structures, approximating in cost 


* Memoir prepared by E. W. Wendell, Assoc. M. 
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"Memoirs. OF WINSLOW BARNES WATSON 


— 
nearly $2 000 000. 4913 1914, he was in n charge of all Snel: and 

‘final | accounts for the contracted work on the Barge Canal cov covering the entire - 
Eastern Division. . Also, at this time, the surveys, designs, and estimates for 
the proposed Barge Canal il Extension of the Glens Falls Feeder o on the 


Champlain: Canal were under his supervision, as well as practically all dl 


miscellaneous surveys, designs, and construct 


_ Int 1915, Mr. Watson became associated with oO’ Connor and Chapman, Con- 


sulting Engineers, 0 of ‘Albany, | N. He remained with | this firm until 1917, 


Before the troops were : called into service for the expedition against Mexico, _ 


in 1916, he had joined the 10th Regiment } of the New York National Guard, 
and he went with that _ regiment a: as a Second Lieutenant. When the National 
Gus ard was mustered into Federal os in 1917, as a component of the = | 


“iui That his military ry record i in 1 the World War w was on one » to be proud “a 


can be easily y seen by the following brief résumé: East Poperinghe | Line, July 
9th to August 20th, 1918; ‘Dickebusche Sector, August 30th, 1918; LaSalle | 
River, October 17th, 1918; ‘DeMer Ridge, October 1! 18th, 1918; and St. Maurice 
Riv rer, October 19th, , 1918, which locations, and those a eae bring to the mind 


in Special ‘Order 329, 106th Infantry. ‘His was 
“authorized 0 on December 11th, 1918, 3, by -0. 106, Haq. 106th Inf., Special 
No. 31, which reads as follows: 


“American E. F. France. 


oi “Jan. 31, 1919. 


4 “Carr. 
“Cave. INSLOW ATSON, 


heavy enemy fire; this near St. Maurice River, October 20th, 1918.” — 

a On his return from France, and as soon as the 27th Division was mustered — 

out of g service, Captain Watson : again associated h himself with the Holler, LaDu | q 


Corporation, at Fort Edward, N. Y., and remained with this until 


1920 and 1921, he had charge of a number of special ‘departmental 
_ structions 3 in the Department of Public Works of the State of New York. Tn 
1022, 1 
x “projec t for the City of Plattsburg, in a the capacity of Superintendent i in Charge 
and Manager for | Construction, and served in this capacity until his accidental i 
death from drowning on August (6th, 1922. 


~ Captain Watson’ 8 engineering experience extended o over r such a a wide variety x 


“Ror and in making personal reconnaissance under 


of work that his onstruction was extensive, , and he had just 
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: MEMOIR OF WINSLOW BARNES WATSON 
reached an age when all this experience and could be ‘utilined to its 
He: is survived by his w ife, who marriage in 1907 was” 
“Trene ‘Signor, and Emily, his mother, WwW. Cc. 


the American: Soci ociety 


of f Civil Engineers September 12th, 1916. 
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